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PREFACE. 


The  carbohydrate  principles  constitute  by  far  the  largest  portion 
of  organic  matter.  They  thus  hold  a  position  of  great  significance 
in  relation  to  living  nature.  Taking  origin  in  the  vegetable  king- 
dom as  a  result  of  the  operation  of  solar  influence  through  living 
matter,  they  primarily  play  a  part  in  the  scheme  of  life  of  the 
vegetable  organism,  and  secondarily  enter,  either  directly  or  indi- 
rectly, into  the  food  supply  of  animals. 

It  is  this  latter  subject  which  is  specially  dealt  vt'ith  in  this 
volume,  but  a  comprehensive  yiew  of  the  bearings  of  the  carbo- 
hydrates throughout  both  living  kingdoms  requires  to  be  taken,  in 
order  that  a  right  understanding  may  be  obtained  of  their  appli- 
cation within  the  animal  system.  The  prevailing  notions  have 
been  constructed  upon  a  fallacious  foundation.  I  have  entered 
minutely  into  the  experimental  evidence  by  which  the  error  ex- 
isting is  made  manifest.  By  the  glycogenic  doctrine  the  mind  has 
been  conducted  in  the  wrong  direction,  and,  as  a  natural  conse- 
quence, the  search  for  knowledge  has  hitherto  resulted  only  in 
fruitless  gropings  in  the  dark.  Through  the  recognition  of  the 
glucoside  constitution  of  proteid  matter  a  clue  was  given  which 
has  led  to  the  discovery  of  what  I  venture  to  regard  as  the  true 
key  to  the  situation.  With  the  light  that  has  been  thrown  upon 
the  question,  nature  can  be  intelligibly  read,  and  we  have  simply 
to  look  around  and  take  notice  of  the  results  that  are  lying  clearly 
open  to  view  before  us.  The  new  departure  brings  the  operations 
of  animal  find  plant  life  into  harmony  with  each  other.  The 
simplest  of  organisms — a  yeast  cell  for  example — may,  indeed,  be 
made  use  of  to  illustrate  the  occurrences  taking  place  in  our  own 
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bodies.  Moreover,  the  teachings  of  experience  in  connection  with 
diabetes,  which  may  be  pronounced  to  be  absolutely  irreconcilable 
with  the  prevailing  physiological  views,  not  only  agree  with,  but 
in  the  strongest  manner  sup])ort,  the  doctrine  that  is  in  this 
volume  set  forth. 

A  life's  labour,  attended  with  unceasing  laboratory  work,  has 
been  devoted  to  the  attainment  of  the  knowledge  that  has  been 
acquired.  To  the  authorities  of  Guy's  Hospital  I  shall  ever  feel 
grateful  for  the  assistance  rendered  in  the  cause  of  science  by  the 
provision  of  laboratory  accommodation  throughout  the  period  of 
my  association  as  a  member  of  the  acting  staff.  Since  that  period 
I  have  found  in  the  research  laboratories  of  the  Eoyal  Colleges  of 
Physicians  and  Surgeons  at  the  Examination  Hall  everything  that 
could  be  desired  for  facilitating  my  experimental  work,  and  thus 
promoting  advance  to  the  goal  that  has  now  been  reached. 

During  the  many  years  that  my  investigations  have  been 
carried  on  I  have  been  assisted  by  a  succession  of  zealous  and 
able  helpers,  derived  from  past  students  of  the  lioyal  College  of 
Chemistry.  Notable  amongst  the  assistants  who  have  rendered 
me  valuable  service  are  Mr.  Scard,  Mr.  Rowntree,  and  Mr.  Siau. 
It  is  a  pleasing  duty  to  tender  this  acknowledgment,  and  it  re- 
mains for  me  further  to  say  that  to  Mr.  Iiowutree  I  am,  in  addition, 
indebted  for  painstaking  aid  in  the  labour  involved  in  the  issue  of 
this  work. 

■   35,  Grosvenor  Street, 

Grosvenor  Srjvn  re. 
May,  1894. 
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called  fatty  degeneration  of  the' liver  in  reality  a  functional  production 
of  fat  from  carbohydrate.  Carbohydrate  possibly  first  incorporated  into 
proteid  and  fat,  subsequently  cleaved  off.  Circumstances  suggestive  of 
the  fat,  and  likewise  the  lactin  and  casein,  of  milk  being  cleavage  pro- 
ducts from  proteid.  The  fat  of  adipose  tissue  may  similarly  take  origin 
through  the  intervention  of  proteid,  and  myxcedema  possibly  arise  from 
an  imperfect  performance  of  the  process.  Fatty  degeneration  of  muscle 
and  other  tissues  the  result  of  conditions  favouring  cleavage  of  fat  from 
proteid.  Question  broadly  discussed.  A  delicately-adjusted  balance  of 
the  opposing  effects  of  ferment  and  protoplasmic  actions  at  the  founda- 
tion of  the  play  of  changes  belonging  to  life.  The  vascidar  system 
controlled  by  nerve  inlluence,  and  the  state  of  the  blood,  considered  in 
relation  to  fat  deposition  and  diabetes   221 
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The  carbohydrates  constitute  a  sharply- defined  group  of  principles 
occarring  widely  and  largely  in  the  realm  of  organic  nature. 

They  are  composed  of  the  three  elements,  carbon,  hydrogen,  and 
oxygen.  The  number  of  carbon  atoms  in  the  molecule  is  ordinarily 
six,  or  a  multiple  of  six,*  and  the  hydrogen  and  oxygen  are  always 
present  in  the  proportion  to  form  water. 

The  general  formula  for  the  group  may  be  represented  as 
{C6(H20)„}k,  ;  and,  looked  at  simply  from  their  elementary  compo- 
sition, the  constituent  members  stand  throughout  in  the  position 
of  hydrates  of  carbon.  In  speaking  of  them,  however,  as  carbo- 
hydrates, it  is  not  considered  that  there  are  grounds  for  regarding 
them  as  actual  compounds  of  carbon  with  water,  and  the  expressions, 
therefore,  that  will  be  subsequently  used  with  reference  to  transforma- 
tion, attended  with  increased  or  decreased  hydration,  merely  imply 
an  increase  or  decrease  in  the  proportionate  amount  of  the  elements 
of  water. 

With  this  understanding,  the  term  carbohydrates  is  a  convenient 
one  for  associating  the  bodies  of  the  group  together  and  distinguish- 
ing them  from  other  non-nitrogenous  principles. 

In  common  with  other  organic  compounds,  the  carbohydrates  have 
their  source,  directly  or  indirectly,  in  the  vegetable  kingdom.  Under 
the  influence  of  the  sun's  rays,  vegetable  protoplasm  containing 

*  By  artificial  means,  sugars  with  7,  8,  and  9  carbon  atoms  have  been  constructed 
from  the  ordinary  6-carbon-atom  sugar.  Examples,  as  my  friend  Professor  Odling, 
of  Oxford,  has  pointed  out  to  me,  of  less  than  6-carbon-atom  sugars,  placed  in  pro- 
gressire  order  of  descent,  are  presented  by  arabinose  (C5H10O5),  obtainable  by 
hydrolysis  from  gum  arabic ;  erythrose  (C4IISO4),  yielded  by  the  oxidation  of 
erythrite,  a  principle  extracted  from  lichens  ;  glycorose  (CalleOj),  furnished  by  the 
oxidation  of  glycerine  ;  and  glycolose  (C^TJ^O^,  derived  from  the  oxidation  of 
glycol. 
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clilorophyll  is  endowed  with  the  power  of  dissociating  tlie  elements 
of  inorganic  piinciples,  and  recombining  them  into  organic  com- 
pounds. It  is  the  great  province  of  the  vegetable  kingdom  thus  to 
jjlay  a  constructive  part  in  the  economy  of  nature.  The  living  proto- 
plasm of  the  plant,  by  virtue  of  itsi  capability  of  acting  upon  matter 
brought  within  the  sphere  of  its  metabolic  influence,  serves  as  an 
instrument,  through  the  medium  of  which  the  solar  energy  effects 
the  changes  that  occur ;  and  the  energy  so  expended  becomes  locked 
up  in  a  latent,  or  potential,  state  in  the  compound  formed,  ready  to  be 
liberated  as  actual  or  kinetic  energy  when  the  compound  is  destroyed. 
In  the  plant  the  destruction  of  organic  matter  with  its  attendant 
liberation  of  energy  takes  place  normally  to  a  comparatively  insig- 
nificant extent,  but  in  certain  special  operations,  as,  for  instance, 
notably  in  flowering  and  germination,  it  somewhat  more  largely 
occurs.  It  is  pre-eminently  in  the  system  of  the  animal  that  organic 
matter  is  actively  destroyed,  the  energy  sot  free  becoming  manifest 
in  the  varied  activities  which  constitute  the  characteristic  attribute 
of  animal  life. 

We  cannot  satisfactorily  trace  the  steps  through  which  the  carbo- 
hydrates ai'e  synthetically  foi'med  ;  but  attempts  have  been  made  in 
this  direction,  one  of  which,  the  formic  aldehyde  hypothesis,  may  be 
mentioned  by  way  of  illustration.  This  view  assumes  that  formic 
aldehyde  (CH2O)  is  first  produced,  according  to  the  equation 

CO,-f-H,0  =  CH2O  +  O2, 

and  that  this  body  then  gives  rise,  by  polymerisation,  or  the  union  of 
several  molecules  to  foi-m  one  larger  molecule,  to  a  carbohydrate  of 
the  composition  CeHijOe,  thus — 

6(CH,0)  =  CeHiA- 

But  whatever  the  nature  of  the'  steps,  we  can  say  with  complete 
confidence  that  as  the  ultimate  result  carbon  is  separated  from  the 
carbonic  acid  of  the  atmosphere,  and  associated  with  the  elements  of 
water,  yielding  as  the  ])roduct  a  carbohydrate. 

Instead  of  the  process,  however,  being  a  pure!)'  chemical  one,  of 
the  simple  nature  depicted  above,  it  may  happen  that  the  carbo- 
hydrate is  the  outcome  of  a  complex  jihysiological  change.  It  may  be 
thatanuueor  less  eleir.eiitary  coiiii)ouiid  is  first   fui-nied,  wliieh  be- 
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comes  embodied  in  the  substance  of  the  living  protoplasm,  and  that 
from  this  the  carbohydrate  is  subsequently  thrown  oE  as  a  cleavage 
product  of  protoplasmic  activity.  To  amplify  this  statement :  instead  of 
the  carbohydrate  being  directly,  or  by  intermediate  steps,  synthesised 
from  its  elements,  it  may  happen  that  these  become  appropriated  by 
the  living  protoplasm  and  worked  up  into  the  proteid  matter  of  which 
protoplasm  is  constituted,  and  from  which  the  carbohydrate  by  a 
further  action  is  afterwards  split  off.  The  modus  operandi  may  not 
be  the  same,  but  the  splitting  off  of  a  carbohydydrate  from  a  nitro- 
genous molecule  is  an  event  that,  as  is  well  known,  may  be  brought 
about  by  the  action  of  chemical  agents  and  ferments  in  the  case  of 
glucosides. 

Pasteur,  many  years  back,  showed,  as  will  be  more  fully  con- 
sidered at  pp.  20 — 21,  that  a  few  yeast  cells  placed  in  a  medium 
containing  tartrate  of  ammonia,  sugar,  and  the  ash  of  yeast  live  and 
multiply.  From  these  simple  materials  the  proteid  of  protoplasm  is 
thus  built  up  by  the  agency  of  pre-existing  pi'otoplasm.  Further, 
carbohydrate  matter  is  met  with  in  the  yeast  organism  in  the  form 
of  cellulose  and  glycogen  :  that  is,  in  a  lower  state  of  hydration  than 
the  carbohydrate  matter  existing  in  the  pabulum.  Seeing,  as  it  must 
be  considered,  that  the  sugar  of  the  pabulum  contributes  with  the 
ammonia  to  the  production  of  proteid,  it  may  happen  by  a  subsequent 
operation  that  the  carbohydrate  is  split  off  in  an  altered  form,  thus 
occasioning  the  transmutation  that  is  observed  to  occur.  The  step 
from  the  position  existing  in  the  case  of  the  yeast  cell  to  that  of  the 
protoplasmic  matter  concerned  in  the  primary  formation  of  carbo- 
hydrate matter  is  not  a  wide  one.  The  only  essential  difference  dis- 
cernible is  that  the  proteid  matter  is  constructed  by  the  latter  from 
the  more  elementary  materials  carbonic  acid,  water,  and  ammonia, 
in  place  of  the  formed  carbohydrate  and  tartrate  of  ammonia. 

I  have  spoken  of  the  primary  formation  of  carbohydrate  matter, 
and  the  view  taken  about  its  being  a  cleavage  product  from  proteid 
matter  harmonises  with  the  view  that  is  held  with  regard  to  the  de- 
position of  starch  and  cellulose  derived  from  the  preformed  carbo- 
liydrate  of  the  plant.  For  growth  and  storage  of  reserve  material, 
large  quantities  of  carbohydrate  matter  are  being  deposited  as  cellu- 
lose and  starch.  These  are  derived  from,  carbohydrate  matter  con- 
veyed in  the  form  of  soluble  sugar  to  the  seats  of  deposition,  and  in 
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the  transmutation  that  occurs  it  is  considered  probable  that  tlie  sugar 
becomes  incorporated  with  the  protoplasmic  matter,  through  the 
agency  of  which  the  operation  is  performed,  and  from  which  the 
carbohydrate  is  split  off  in  an  altered  form.  Alike  in  the  primary 
formation  of  starch  from  inorganic  materials,  and  in  its  secondary 
formation  from  pre-existing  carbohydrate,  the  pi'otoplasmic  material 
in  which  the  starch  makes  its  appearance  is  observed  to  become 
diminished  in  quantity,  or,  as  it  were,  used  up. 

The  actual  seat  of  primary  formation  of  carbohydrate  matter  is  in 
the  chlorophyll  corpuscles.  These  are  little  protoplasmic  bodies 
which,  under  the  influence  of  light,  are  endowed  with  the  power  of 
appropriating  materials  derived  from  the  inorganic  kingdom  to  the 
building  up  of  organic  matter. 

The  fomi  in  which  carbohydrate  matter  primarily  becomes  mani- 
fest is  as  starch.  Whether,  as  is  by  some  surmised,  this  is  preceded 
by  sugar,  or  whether  it  is  not,  the  first  visihle  or  demonstrable  carbo- 
hydrate product  is  starch.  As  the  operations  of  life  in  the  chloro- 
phyll corpuscles  proceed,  starch  granules  make  their  appearance. 
Sachs,  describing  the  changes  perceptible  in  chlorophyll  corpuscles 
by  the  aid  of  the  microscope,*  says  : — "  The  old  observations  of 
Naegeli  and  myself  show  that  in  the  primitively  quite  homogeneous 
green  substance,  starch  grains,  at  first  extremely  small,  become  visible, 
usually  distributed  in  twos,  threes,  or  more  in  the  mass  of  chloro- 
phyll of  the  corpuscle.  These  enlarge  and,  as  they  meet  one  another 
during  growth,  become  flattened  and  applied  close  to  one  another 
.with  plane  surfaces,  while  their  free  sides  remain  rounded  and  be- 
come arranged  more  or  less  according  to  the  form  of  tlie  chlorophyll 
corpuscle ;  occas^ionally,  however,  when  they  arise  at  the  circum- 
ference, they  protrude  from  the  chlorophyll  corpuscle.  I  also 
observed  almost  20  years  ago  that,  under  certain  circumstances, 
when  leaves  turn  yellow  without  being  diseased,  the  starch  grains 
grow  so  vigorou.sly  in  the  chlorophyll  that  the  latter  becomes,  so  to 
speak,  entirely  displaced  by  them;  and  finally,  in  place  of  the  chloro- 
phyll corpuscle,  thei'C  lies  a  starch-grain  compounded  of  several 
grains." 

•  '  Lectures  on  the  Pliysiology  of  Plants,'  by  Julius  von  Sachs,  translated  by 
H.  MarehuU  Wiinl.  \^.  315  :  Chirendon  I'n-fs,  Oxford,  1S87. 
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Chemical  Constitution. 

According  to  its  percentage  composition,  carbohydrate  matter  is 
constituted  of  carbon  with  the  elements  of  water,  but  its  behaviour 
under  diiferent  conditions  and  its  derivation  products  may  be  taken 
as  shoY/ing  that  its  molecular  construction  is  of  a  much  more  complex 
nature.  I  have  spoken  of  its  origin  as  a  product  of  the  vegetable 
kingdom.  It  is  not  exclusively,  however,  through  the  operations  of 
living  matter  that  its  formation  is  capable  of  being  effected. 

Amongst  the  achievements  of  modern  chemistry  has  been  the 
artificial  synthesis  of  several  carbohydrate  bodies,  and  the  discovery 
of  the  means  of  effecting  the  similar  formation  of  others  is  probably 
only  a  matter  of  time.  The  labours  of  Emil  Fischer  led  some  years 
back  to  the  synthetic  formation  of  a  fermentable  sugar  having  the 
composition  of  dextrose  (C6H12O6)  and  closely  resembling  it  in 
properties,  but  proving  to  be  optically  inactive.  This  body,  desig- 
nated a-acrose,  became  the  starting  point  for  attaining  the  synthesis 
of  further  products,  amongst  which  were  several  fermentable  sugars 
of  the  glucose  group,  including  ordinary  dextrose  and  laevulose. 

A  further  achievement  has  been  the  successive  production  from  a 
six-carbon-atom  sugar  of  sugars  possessing  seven,  eight,  and  nine 
carbon  atoms  in  the  molecule.  The  nine- carbon- atom  sugar  has  even 
been  found  to  be  susceptible  of  undergoing  fermentation  in  contact 
with  yeast.  In  connexion  with  these  higher-  carbon-atom  sugars  the 
question  has  been  raised  as  to  what  might  be  the  effect  of  feeding 
animals  on  them,  and  the  suggestion  has  been  made  that  possibly 
modified  forms  of  glycogen,  lactose,  fat,  and  proteid  might  result. 

Chemical  Characters  and  Relations. 

Of  the  several  carbohydrates  known,  only  a  certain  number  fall 
within  the  range  of  consideration  contemplated  by  this  work.  Such 
are  cellulose,  starch  and  its  congener  in  the  animal  kingdom  glyco- 
gen, the  dextrins,  maltose,  cane  sugar,  lactose,  and  the  glucoses. 

The  carbohydrates  comprise  a  class  of  bodies  in  which  carbon  is 
associated  with  different  proportions  of  the  elements  of  water,  and 
from  the  relation  existing  between  the  latter  and  the  former,  a  con- 
venient basis  of  classification  is  afforded.  Thus  regarded,  they  fall 
into  three  groups  : — 
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1.  Tlie  amylose.?,  witli  tlie  formula  (CcHioOj),,,  wLich  present  tbe 

lowest  degree  of  hydration,  and  stand,  therefore,  as  the  initial 
term  of  the  series.  They  include  cellulose,  starch,  glycogen, 
and  dextrin  ; 

2.  The  saccharoses,  represented  by  the  formula  Ci2H2)On,  and  in- 

cluding maltose,  lactose,  and  cane  sugar;  and 

3.  The  (jIucos"s,  "which  present  the  highest  degree  of  hydration 

and  possess  the  formula  CeHijOe.  They  include  dextrose, 
Isevulose,  and  galactose. 

1  will  proceed  to  give  the  main  characters  and  relations,  regarded 
from  a  physiological  point  of  view,  of  the  above-named  bodies 
arranged  nnder  the  three  specified  heads. 

The  Amylases. 

Cellulose,  (CeHioOs),,,  stands  amongst  the  members  of  the  cai-bo- 
hydrate  group  that  have  the  least  proportion  of  the  elements  of  water 
entering  into  their  constitution.  It  belongs  mainly,  but  not  quite 
exclusively,  to  the  vegetable  kingdom,  and,  constituting  as  it  does  the 
basis  material  of  vegetable  cell  walls  and  of  woody  fibre,  it  probably 
ranks  as  the  most  abundant  organic  principle  in  nature.  It  takes 
origin  from  the  soluble  carbohydrates  or  sngai-s  by  a  process  of  de- 
hydration effected  by  the  agency  of  the  metabolic  power  existing  in 
living  protoplasm.  With  the  chemical  transformation  occurring  in 
the  production  of  cellulose  through  the  instrumentality  of  metabolic 
action,  the  exercise  of  something  akin  to,  if  not  actually  consisting  of, 
plastic  or  formative  power  is  brought  into  play  in  such  a  manner  as 
to  give  to  the  newly  formed  material  a  definite  structural  character. 
Thus  circumstanced,  cellulose  may  be  spoken  of  as  taking  a  place 
nearer  to  the  position  of  organised  matter  than  is  held  by  any  other 
member  of  the  cai'bohydrate  group. 

Insolubility  in  tlic  ordinary  solvents  is  one  of  the  chief  character- 
istics of  cellulose,  but  the  various  forms  of  cellulose  differ  in  this 
respect,  some  being  less  resistant  to  solvent  action  than  others. 
Acids,  unless  in  a  concentrated  form,  do  not  dissolve  it,  nor  is  it  dis- 
solved by  potash.  A  ready  solvent,  however,  happens  to  be  afford- 
by  an  ammoniacal  solution  of  cupric  oxide,  and  from  this  menstruu. 
it  is  prccipitablo  in  a  fiocculcnt  form  by  acids. 
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Cellulose  gives  no  colour  reaction  with  iodine  alone,  but  with  iodine 
in  the  presence  of  sulphuric  acid,  or,  better,  zinc  chloi'ide,  a  blue  or 
violet  colour  is  produced. 

The  effect  of  sulphuric  acid  upon  cellulose  may  be  studied  by 
experimenting  with  cotton  wadding.  Immersed  in  the  concentrated 
acid,  cotton  wadding  becomes  dissolved,  and  if  the  solution  be  at  once 
largely  diluted  with  water  the  cellulose  is  precipitated  apparently  in 
an  unaltered  or  but  slightly  altered  form.  If,  on  the  other  hand,  the 
cellulose  is  allowed  to  remain  for  some  time  in  contact  with  the  acid, 
dilution  with  water  no  longer  leads  to  the  production  of  a  precipitate. 
The  cellulose  has  apparently  become  transformed  into  a  dextrin-like 
material,  and  the  solution  is  found  to  possess  a  slight  cupric  oxide 
reducing  power.  Thus  transformed,  it  may  be  carried  further  by  a 
strength  of  acid  that  has  scarcely  any  effect  on  untransformed  cellu- 
lose. This  is  shown  by  the  greatly  increased  cupric  oxide  reducing 
power  that  may  be  produced  by  boiling  after  diluting  the  acid  solution 
to  a  2  per  cent,  strength,  under  the  action  of  which  cellulose  is  only 
to  a  very  slight  extent  influenced. 

The  resistance  offered  by  cellulose  to  conversion  into  a  cupric  oxide 
reducing  carbohydrate  by  boiling  with  2  per  cent,  sulphuric  acid 
distinguishes  it  from  starch  and  glycogen,  both  of  which  bodies,  on 
boiling  for  an  hour  and  a  half  with  the  sti'ength  of  acid  named,  are 
completely  transformed  into  glucose.  For  effecting  the  conversion, 
to  any  notable  extent,  of  cellulose  by  boiling  with  dilute  sulphuric 
acid,  a  10  or  15  per  cent,  strength  must  be  employed.  At  higher 
temperatures,  applied  by  means  of  the  autoclave,  cellulose  is  attacked 
by  2  per  cent,  acid  in  a  manner  that  it  is  not  on  boiling  with  the 
inverted  condenser,  a  fact  that  it  is  necessary  to  bear  in  mind,  as  will 
be  subsequently  explained  (p.  63),  in  the  quantitative  determination 
of  starch  and  glycogen  where  accidental  contamination  with  cellulose 
from  a  filter  may  have  occurred. 

The  component  molecules  of  the  composite  cellulose  molecule  seem, 
to  jndge  from  its  stability  or  power  of  resisting  the  influence  of 
different  agents,  to  be  held  together  by  a  tighter  bond  of  union  than 
in  the  case  of  other  carbohydrates. 

Doubtless  there  is  much  yet  to  be  learnt  about  the  modifications  of 
cellulose.  Even  cbemically  there  are  differences,  some  forms  being 
susceptible  of  undergoing  conversion  into  sugar  by  an  acid  of  insufli- 
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cieut  strength  to  exert  any  decided  amount  of  influence  upon  cotton 
cellulose,  to  which  the  remarks  in  the  preceding  paragraph  about  the 
effect  of  acid  applj,  whilst,  physiologicallj,  some  of  them  seem, 
instead  of  existing  in  an  independent  state,  to  be  more  or  less  bound 
up  with  living  matter,  if  not,  indeed,  in  some  phase  of  their  history, 
actually  incorporated  with  it. 

Starch,  (CeHioOs),,,  looked  at  in  relation  to  animal  alimentation, 
may  be  regarded  as  by  far  the  most  important  of  the  bodies  of  the 
whole  carbohydrate  group. 

It  is  very  widely  and  largely  found  in  the  vegetable  world,  and  is 
the  first  visible  product  of  that  constractive  metabolism  already 
described  as  taking  place  in  all  green  plants.  It  is  primarily  depo- 
sited in  the  leaf,  and  secondarily,  at  subsequent  stages  in  its  history, 
in  other  parts  of  the  plant,  and  invariably  in  the  form  of  a  granule. 
The  starch  granule  varies  much  in  size  and  appearance,  according  to 
the  particular  plant  in  which  it  is  formed  ;  but  it  has  always  a  definite 
structure,  consisting  of  a  nucleus  or  hilum  and  concentric,  or  rather, 
strictly  speaking,  excentric,  layers.  This  is  best  made  out  after  treat- 
ment with  chromic  acid  or  dilute  alkali.  The  granule  is  not  homo- 
geneous, bat  consists  of  two  isomeric  substances,  starch  granulo.se 
and  starch  cellulose,  with,  perhaps,  intermediate  forms.  The  gran- 
ulose  is  much  the  more  soluble,  and  can  be  dissolved  out  by  dilute 
acids,  or  by  boiling,  &c.  If  treated  in  the  cold,  the  cellulose  skeleton 
remains,  retaining  the  form  of  the  grain,  though  originally  con- 
stituting only  from  2  to  6  per  cent,  of  the  weight  of  substance.  The 
gi-ain,  when  intact,  is  unacted  upon  by  cold  water,  by  reason  of  the 
density  of  its  outer  layer,  but  when  it  is  crushed  or  ruptured  the 
granulose  is  slowly  dissolved  out.  Under  the  action  of  boiling  potash 
the  cellulose  framework  becomes  likewise  dissolved.  The  solubility 
of  starch  in  hot  water  is  to  be  accounted  for  by  the  bursting  of  the 
swollen  granules,  which  usually  occurs  at  a  temperature  of  from  50° 
to  70"  C;  liberating  the  granulose  and  forming  the  "  starch  paste." 

A  solution  of  starch  is  a  semi-transparent,  viscid  liquid,  which, 
under  examination,  exhibits  the  following  properties.  In  presence 
of  free  iodine  it  yields  a  characteristic  blue  colour,  which  disappears 
on  heating,  and  reappears  on  cooling.  This  behaviour  is  absolutely 
distinctive  of  starch,  and  affords  an  easy,  delicate,  and  reliable  test 
for  its  detection. 
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Starch  solution  possesses  in  a  marked  degree  the  property  of 
optical  activity,  rotating  the  ray  of  polarised  light  strongly  to  the 
right.  This  rotatory  power  is  possessed  to  a  variable  extent  by  most 
of  the  members  of  the  carbohydrate  group,  and  on  it  is  based  one 
method  of  determination  applicable  to  these  bodies. 

As  a  colloid,  starch  does  not  diffuse  through  animal  membranes. 
It  is  absolutely  insoluble  in  alcohol  and  ether,  and  is  therefore  pre- 
cipitable  from  its  aqueous  solution  by  these  agents.  It  is  unaltered 
by  treatment  with  dilute  potash  or  soda,  but  boiling  -with  dilute 
mineral  acids  carries  it  into  glucose  (dextrose)  through  intermediate 
cupric  oxide  reducing  products.  Diastase  and  other  amylolytic  fer- 
ments exert  an  analogous  action  on  starch,  except  that  the  process  of 
transformation,  in  the  main,  stops  short  at  the  stage  of  maltose,  instead 
of  advancing  to  glucose.  There  are,  however,  some  ferments  in  both 
the  animal  and  the  plant  which  have  the  power  of  effecting  complete 
hydration  into  glucose.  Starch  is  also  converted  into  dextrin  by 
simply  heating  to  between  the  temperatures  of  100°  and  200°  C. 

Starch,  like  the  other  amyloses  but  unlike  most  of  the  other 
carbohydrates,  is  devoid  of  taste.  It  has  no  cupric  oxide  reducing 
power. 

Glycogen,  (CeHioOs),,,  may  be  regarded  as  the  representative  in  the 
animal  kingdom  of  the  starch  belonging  to  the  plant.  I  consider 
that  nomenclature  has  been  unhappy  in  the  name  that  has  been 
applied  to  this  body.  The  term  was  adopted  on  the  discovery  of  the 
material  from  which  the  sugar  developed  in  the  liver  after  death 
takes  origin.  All  the  amyloses  are,  strictly  speaking,  glyco-gens ; 
and,  as  it  happens  that  the  physiological  grounds  upon  which  the 
name  was  given  to  the  body  under  consideration  prove  to  be  un- 
tenable, it  is  so  far  a  misnomer.  Zcamylin  would  be  the  most 
appropriate  of  the  hitherto  suggested  designations  to  apply  to  it. 
Its  distribution  and  relations  in  the  animal  organism  will  be  referred 
to  in  detail  in  a  subsequent  part  of  this  work,  and  in  connexion 
therewith  it  will  here  be  sufficient  to  say  that,  although  constituting 
a  principle  especially  belonging  to  the  animal  kingdom,  yet  it  is  not 
absolutely  confined  to  it.  In  a  large  number  of  fungi  it  has  been 
found  to  be  present,  and  it  seems  in  these  organisms  to  take  the 
place  of  the  starch  of  higher  members  of  the  vegetable  kingdom. 
An  interesting  point  is  here  presented,  inasmuch  as  the  fungi  con- 
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stitute  a  group  of  organisms  differing  from  the  members  of  the 
vegetable  kingdom  generally  and  agreeing  with  those  of  the  animal 
kingdom  in  the  manner  in  which  their  aliment  is  supplied.  With 
the  non-existence  of  chlorophyll  corpuscles  they  present  an  absence 
of  starch- forming  capacity,  and,  as  a  corollary,  instead  of  having  the 
power  of  constructing  their  living  matter  from  principles  of  the 
inorganic  kingdom,  they  are  dependent,  like  animal  organisms,  for 
their  aliment  upon  the  supply  of  preformed  organic  matter.  Yeast, 
it  has  been  discovered,  contains  glycogen  in  large  quantity,  and  from 
this  source  it  may  be  readily  procured  and  ascertained  to  exhibit  all 
its  characteristic  reactions. 

Glycogen  is  soluble  in  water,  but  much  more  so  in  hot  water  than 
cold.  It  yields  with  water  an  opalescent  or  white  milky  liquid 
which  perhaps  is  not,  strictly  speaking,  a  true  solution.  On  concen- 
tration it  assumes  a  transparent  state,  and  becomes  milky  again  on 
dilation. 

In  its  various  properties  and  modes  of  behaviour,  glycogen  is 
almost  identical  with  starch,  the  only  noteworthy  difference  being  in 
the  colour  produced  by  treatment  with  iodine,  which  in  the  case  of 
glycogen  is  a  port-wine  red,  instead  of  blue  as  given  by  starch.  The 
effects  produced  on  the  colour  by  heating  and  subsequently  cooling 
the  solution  are  the  same  in  each  case. 

By  means  of  microchemical  examination  with  the  employment  of 
iodine,  the  existence  of  glycogen  in  a  granular  state  or  in  the  form  of 
amorphous  masses  within  the  liver  cells  can  be  demonstrated. 

Animal  gum  (Landwehr),  which  is  to  a  certain  extent  allied  to 
glycogen,  will  receive  notice  undei'  the  consideration  of  glucosides. 

Dextriiij  (CeHioOs),,,  is  produced  by  the  action  of  mineral  acids  and 
by  diastatic  or  amylolytic  ferments  upon  the  amyloses  Avhich  have 
been  already  described.  The  transformations  effected  by  the  diastatic 
ferment  of  malt  on  starch  have  been  the  subject  of  much  careful  in- 
vestigation and  of  a  considerable  amount  of  controversy,  and  even  now 
it  cannot  perhaps  lie  definitely  said  that  a  full  knowledge  of  the  steps 
of  the  process  has  been  attained. 

The  researches  of  modern  investigators  point  to  the  occurrence  of 
changes  of  a  highly  complex  charactci-,  and  the  view  at  the  present 
time  entertained  is  that  from  the  composite  starch  molecule  molecules 
become  successively  split  off,  and  with  the  sjjlitting  off  undergo 
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hydration  iato  maltose,  leaving  at  each  stage  a  diminished  dextrin 
molecule  of  unaltered  percentage  composition.  Thus  each  successive 
stage  in  the  process  yields  simultaneously  a  substance  of  higher 
hydration  and  a  dextrin  residue,  which  does  not  difler  in  percentage 
composition  from  the  original  starch  molecule.  The  hydrated  portion 
split  off  at  each  step  is,  according  to  Brown  and  Morris,  either 
maltose  (CiaHjjOu)  or  an  intermediate  product  [either  maltodextrin 
(Ci2H2oOio)2Ci2H220ii  Or  amylodextrin  (Ci2H2oOio)6Ci2H220ii],  which 
speedily  undergoes  further  hydration  into  maltose. 

The  successive  unhydrated  residues  have  all  been  termed  dextrins. 
Whilst  retaining  the  same  percentage  composition,  they  present  a 
steadily  diminishing  molecular  weight :  they  are  all,  that  is  to  say, 
represented  by  the  formula  (C6Hio06)h,  n  being  diminished  at  each 
successive  stage  of  splitting  off. 

By  the  continued  action  of  the  ferment  the  main  portion  of  the 
starch  undergoes  conversion  through  intermediate  stages  of  dextrin 
into  maltose.  There  remains,  however,  a  portion  which  offers  greater 
resistance  than  the  rest  to  the  change,  and  which  is  with  difficulty 
made  to  undergo  hydration.  This  is  the  dextrin  which  is  most 
easily  isolated  and  obtained  for  examination,  and  to  which  the  de- 
scriptions given  of  dextrin  more  especially  apply.  According  to  the 
latest  researches  of  Brown  and  Morris,  it  constitutes  a  fifth  of  the 
original  molecule  of  soluble  starch,  the  view  founded  upon  these 
researches  being  that  the  first  effect  of  the  diastatic  ferment  is  to 
lead  to  the  constituents  of  the  molecule  becoming  ranged  into  five 
separated  groups,  one  of  which  is  so  constituted  as  to  be  more  stable 
than  the  others,  by  virtue  of  which  it  remains  intact  after  the  others 
have  undergone  hydrolysis. 

The  dextrins  which  are  first  formed  in  the  process  of  hydrolysis 
are  coloured  red  by  iodine,  and  are  on  this  account  distinguished  as 
erythrodextrins ;  whilst  those  produced  from  them  and  met  with  later 
yield  no  colour  with  iodine,  and  are  called  achroudextrins. 

Dextrin  is  produced,  not  only  by  the  action  of  ferments  and  acids 
upon  starch  or  glycogen,  but  also  by  the  mere  heating  of  these  bodies 
when  the  temperature  approaches  200°  0. 

Dextrin  is  uncrystallisable,  and  when  dried  is  a  glassy  coloux'less 
"body  susceptible  of  being  ground  down  to  a  white  powder.  It  is 
■easily  soluble  in  water,  forming  a  clear  solution  possessing  no  decided 
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taste.  It  is  precipitated  by  strong  alcohol.  Like  starcliand  glycogen, 
it  is  dextrorotatory,  whence  its  name.  Authorities  have  been  some- 
what at  variance  as  to  whether  any  of  the  dextrins  are  possessed  of 
cupric  oxide  reducing  power.  They  are,  however,  generally  considered 
to  have  no  reducing  power. 

The  Saccharoses. 

The  principles  falling  under  this  head  requiring  notice  are  maltose 
lactose,  and  cane  sugar. 

Maltose  (C12H22O11),  arising  from  the  hydration  of  starch  by  the 
incorporation  of  water,  thus,  2C6Hjo05  +  H30  =  CiaHjoOu,  is  a  body 
soluble  in  water,  alcohol,  and  ether,  and  readily  diif  usible.  It  crystal- 
lises in  the  form  of  hard,  white,  fine  needles.  Like  the  amyloses,  it 
is  optically  active  and  dextrorotatory,  though  in  a  lower  degree  ; 
bat,  unlike  them,  it  has  a  distinct  taste,  which  is  faintly  sweet.  It 
is,  moreover,  unaffected  by  iodine,  as  indeed  are  all  the  carboh^'drates 
of  higher  hydration  than  the  amyloses,  and  it  has  a  cupric  oxide  reduc- 
ing power  equivalent  to  61  as  compared  with  that  of  glucose  taken 
at  100. 

Although  maltose  constitutes  the  end  product  of  the  action  of 
diastase,  and  amylolytic  ferments  generally,  on  starch  and  its  con- 
geners,  it  is  susceptible  of  being  carried  on  into  glucose  (dextrose) 
by  boiling  with  dilute  mineral  acids,  as  also  by  the  agency  of  certain 
ferments.    The  following  expression  represents  the  change  : — 

C.^H^^Ou  +  H^O  =  CoH,A  +  CeH,20o. 

Maltoae.  Dextrose.  Dextrose. 

Saccharose  or  Cane  Sugar. — Identical  in  composition  with  maltose, 
though  without  any  genetic  relation  to  the  amylose  bodies,  is  sac- 
charose, sucrose,  or  cane  sugar  (Ci-HajOu).  This  sugar  is  found  in 
parts  of  many  plants.  It  is  a  substance  very  soluble  in  water,  and  is 
also,  though  less  easily,  dissolved  by  alcohol.  It  crystallises  in  large 
raonoclinic  prisms,  and  as  a  crystalloid  is  readily  diffusible.  It  does 
not  reduce  cupric  oxide. 

A  solution  of  cane  sugar  is,  like  all  the  bodies  hitherto  described, 
dextrorotatory.  By  j^rolonged  boiling,  however,  with  water,  or  by 
boiling  for  a  short  time  with  dilute  acid,  or  by  the  action  of  yeast  and 
of  certain  unorganised  ferments  at  ordinary  temperatures,  it  under- 
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goes  a  change  with  increase  of  hydration,  the  first  indicatioQ  of 
which  is  the  reversal  of  its  effect  on  polarised  light.  It  now  rotates 
the  ray  to  the  left  instead  of  to  the  right,  and  from  this  fact  has 
received  the  name  of  invert  sugar.  This  invert  sugar  on  examination 
proves  to  be  a  mixture  of  the  two  glucoses  dextrose  and  leevulose  in 
eqaal  proportions.  The  greater  optical  activity  of  Isevulose  accounts 
for  the  l^vorotatory  power  possessed  by  invert  sugar.  The  inversion 
of  cane  sugar  presents  another  instance  of  transition  from  the  sac- 
charose to  the  glucose  group,  and  evidently  consists  in  a  simultaneous 
hydration  and  decomposition  of  the  molecule,  according  to  the 
equation 

Ci2H220n+H20  =  C6H12O6  + CsHijOe. 
Cane  sugar.                Dextrose.  Lsevulose. 
^    .  V  ^  > 

Invert  sugar. 

Lactose  or  milk  sugar  (Ci2H220n)  is  only  known  to  occur  in  the 
animal  kingdom.  It  constitutes  the  saccharine  principle  belonging 
to  milk.  It  has  a  faintly  sweet  taste.  It  is  soluble  in  water,  but 
much  less  so  than  cane  sugar.  It  is  insoluble  in  alcohol  and  ether. 
Milk  sugar  crystallises  in  white,  rhombic  prisms.  Its  solution  is 
dextrorotatory,  and  exhibits  the  phenomenon  of  birotation  :  that  is  to 
say,  the  freshly  made  solution  causes  a  rotation  twice  as  great  as 
that  which  it  will  produce  after  standing. 

Lactose  possesses  cupric  oxide  reducing  power,  but  discordancy 
exists  in  the  precise  figures  given  for  it.  Many  authorities  express 
the  power  at  74,  as  compared  with  that  of  glucose  taken  at  100. 
Figures,  on  the  other  hand,  as  low  as  52  have  been  assigned  to  it. 
Unlike  glucose,  lactose  does  not  effect  a  ready  reduction  of  the 
copper  test  solution,  and  thus  the  terminal  point  is  modified  according 
to  the  precise  manner  in  which  the  examination  may  happen  to  be 
conducted.  I  have  made  a  large  number  of  observations  with  the 
employment  of  the  ammoniated  cupric  liquid.  As  in  the  case  of 
Fehling's  solution,  the  terminal  point  of  reduction  is  less  sharply 
defined  than  when  other  sugars  are  employed,  but  the  result  of  my 
observations  is  to  place  the  capric  oxide  reducing  power  of  lactose 
at  60,  or  a  little  over. 

It  seems,  judging  from  what  I  have  observed,  that  under  boiling 
with  acetic  and  citric  acids  lactose  undergoes  a  certain  amount  of 
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modification  without  being  converted  into  glucose.  Boiling  for  from 
half  an  hour  to  an  hour  with  citric  acid  of  from  2  to  6  per  cent, 
strength  has  the  effect,  according  to  the  results  before  me,  of  raising 
the  cupric  oxide  reducing  power  to  about  74,  bejond  which  it  cannot 
be  carried  by  further  boiling.  After  boiling  with  a  similar  strength 
of  acetic  acid,  a  reducing  equivalent  of  about  64  or  65  has  been 
found  to  be  given. 

Harmonising  with  these  differences  revealed  through  cupric  oxide 
reducing  action,  differences  are  noticeable  in  the  osazones  produced 
with  phenyl-hydrazine.  Lactose  in  its  unaltered  form  yields,  I  find, 
contrary  to  what  is  generally  stated,  a  deposit  of  an  amorphous,  or 
non-crystalline,  character,  presenting  the  appearance  of  minute  spores 
or  beads.  Such  is  what  is  noticed  when,  for  example,  the  crystallised 
lactose  of  commerce  is  taken  and  treated  with  phenyl-hydrazine 
liydrochloride  and  acetate  of  soda,  or  phenyl-hydrazine  with  acetic 
acid  in  the  amount  ordinarily  recommended  fur  employment.  If, 
however,  the  lactose  has  been  previously  boiled  with,  say,  5  per  cent, 
acetic  acid,  or  even  if  the  acetic  acid  used  in  the  application  of  the 
test  is  added  in  considerable  excess,  a  crystalline  osazone  is  pro- 
duced, presenting  the  appearance  of  irregularly  curved,  whip-like 
filaments,  radiating  from  a  central  nucleus.  After  boiling  with 
5  per  cent,  citric  acid,  and,  whether  acetic  acid  is  subsequently  added 
in  conjunction  with  the  phenyl-hydrazine  or  not,  a  crj-stalline  osazone 
is  given,  in  which  the  wavy  filaments  from  the  nuclear  masses  are 
replaced  by  straight  spines,  or  flat  blade-  or  lancet-like  projec- 
tions. After  boiling  with  sulphuric  acid,  the  long  straight  needles 
and  radiate  clusters  of  dextrosazonc  and  galactosazone  are  pi'e- 
sented. 

In  experimenting  upon  lactose  derived  direct  from  milk,  similar 
results  are  obtained,  but  it  is  necessary  to  guard  against  being  mis- 
led by  the  process  adopted  for  separating  the  casein  and  fat  pre- 
paratory to  the  application  of  the  test.  If  the  separation  bo  made 
by  rennet,  rendered  neutral  to  test-paper,  the  amoi-phous  deposit  is 
given  with  phenyl-hydi'azine  hydrochloride  and  acetate  of  soda,  or 
with  ^jhenyl-hydrazine  and  acetic  acid,  unless  the  latter  is  used  in 
excess.  If,  on  the  other  hand,  the  separation  be  made  by  acidification 
willi  acetic  acid  and  the  application  of  heat,  the  crystalline  osazone 
described  above  as  yielded  by  lactose  modified  by  acetic  acid  is  given. 
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These  results  are  instructive,  by  bringing  into  view  constitutional 
modifications  that  were  not  previously  known  to  exist,  and  suggestive 
that  mucb  of  a  like  nature  remains  to  be  discovered  with  respect  to 
otber  bodies. 

Boiling  with  dilute  sulphuric  acid  converts  lactose  into  a  mixture 
of  the  two  glucoses  dextrose  and  galactose  in  equal  parts,  thus: — 

Lactose.  Dextrose.  Galactose. 

The  glucose  thus  formed  gives  with  phenyl-hydrazine,  as  already 
mentioned,  the  characteristic  dextrosazone  needles,  intermixed  with 
radiate  clusters  of  acicular  crystals — galactosazone. 

Milk  sugar  readily  undergoes  the  lactic  acid  fermentation,  and 
various  micro-organisms  have  been  mentioned  as  productive  of  the 
change. 

The  Glucoses. 

The  only  members  of  this  group  which  need  be  here  referred  to 
are  dextrose,  l^vulose,  and  galactose.  All  have  the  composition 
C6H12O6. 

Dextrose,  known  as  grape  sugar,  is  to  the  animal  physiologist  the 
most  important  of  the  glucoses.  It  occurs  widely  in  the  vegetable 
kingdom,  usually  in  company  with  l^vulose.  The  two  are  found  in 
most  sweet  fruits,  and  also  in  honey.  Dextrose  is  the  form  of  sugar 
that  occurs  in  the  urine  of  diabetic  subjects.  It  is  best  obtained  on  a 
large  scale  by  the  action  of  dilute  sulphuric  acid  on  starch ;  and,  by 
similar  means,  it  is  also  obtainable  from  the  carbohydrates  generally 
of  lower  hydration  than  itself.  From  glucosides  it  is  likewise 
derivable  by  the  action  of  acids,  and  in  some  cases  by  that  of  fer- 
ments. 

Dextrose  dissolves  in  its  own  weight  of  cold  water,  and  is  soluble 
also,  though  far  less  readily,  in  alcohol.  It  is  less  sweet  to  the  taste 
than  cane-sugar,  and  is  highly  diffusible.  It  crystallises  in  micro- 
scopic, rhombic  plates,  aggregated  into  nodular,  warty  masses.  It  has 
the  maximum  extent  of  cupric  oxide  reducing  power  possessed  by  the 
carbohydrates.  Dextrose,  subjected  to  the  influence  of  dilute  acids 
and  the  unorganised  ferments,  undergoes  no  further  hydration 
change.    It  readily  undergoes  the  alcoholic  fermentation  in  contact 
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with  the  growing  cells  of  yeast.  Dextrose,  as  its  name  implies,  is 
dextrorotatory.    It  exhibits  the  phenomenon  of  birotation. 

LcBvulose  is  a  constituent,  along  with  dexti'ose,  of  most  sweet  fruits, 
and  also  of  honey.  As  previously  stated,  it  is  a  product  of  the 
inversion  of  cane  sugar.  Its  optical  activity  is  greater  in  amount 
than,  and  opposite  in  kind  to,  that  of  dextrose :  that  is  to  say,  it 
rotates  the  ray  of  polarised  light  farther  to  the  left  than  dextrose 
does  to  the  right.    Hence  the  Ijevorotation  exerted  by  invert  sugar. 

Lsevulose  is  more  soluble  than  dextrose,  both  in  water  and  in 
alcohol.  It  is  also  sweeter  to  the  taste,  being  in  fact  as  sweet 
as  cane  sugar.  Its  power  of  reducing  cupric  oxide  is  the  same 
as  that  of  dextrose.  In  its  chemical  relations,  laevulose  closely 
resembles  dextrose,  but  it  is  more  susceptible  of  being  altered  by 
heat  and  acids,  and  less  susceptible  to  the  action  of  alkalis  and 
ferments.  In  connexion  with  the  remark  that  loDvulose  is  moi'e 
readily  acted  upon  by  acids  than  dextrose,  I  may  mention  that  in  the 
analytical  determination  of  the  nature  of  a  sugar  through  the  cupric 
oxide  reducing  power  presented  before  and  after  boiling  with  sulph- 
uric acid,  it  is  found  that  where  lsevulose  is  dealt  with  a  certain 
amount  of  loss  is  apt  to  ensue  from  the  action  of  the  acid,  and  thus 
give  rise  to  lower  figures  being  obtained  after  the  boiling  than  before. 

Lsevulose  crystallises  from  its  alcoholic  solution  in  the  form  of  fine 
silky  needles. 

Both  dextrose  and  lsevulose,  on  exposure  to  a  temperature  of 
170'  C,  lose  water  and  become  converted  into  bodies  of  the  composi- 
tion CgHioOs,  called  respectively  glucosan  and  la3vulo.san,  both  of 
which  are  susceptible  of  reconversion  by  the  agency  of  mineral  acids 
into  their  original  state. 

Galactose  is  obtained,  together  with  dextrose,  by  boiliug  milk  sugar 
with  dilute  mineral  acids.  It  is  dextrorota,tory,  and  exhibits  birota- 
tion. It  possesses  cupric  oxide  reducing  power.  It  is  much  less 
soluble  in  water  and  is  more  readily  crj-stallisable  than  dextrose  or 
la)vulose,  and  differs  chemically  from  these  bodies  in  yielding  mucic 
acid,  and  not  saccharic  acid,  when  oxidised.  Otherwise  it  very  much 
i-esembles  them  in  its  properties. 
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OSAZONES. 

During  the  past  decade  the  researches  of  Emil  Fischer,  founded 
upon  the  discovery  that  combinations  of  cupric  oxide  reducing  sugars 
with  phenyl-hydrazine  exist,  have  thrown  much  light  on  the  constitu- 
tion of  the  sugars,  and  have  afiForded  a  valuable  means  of  separating 
and  identifying  them.  It  is  conceded  that  the  sugars  constitute 
bodies  belonging  to  the  aldehydic  and  ketonic  groups,  and,  as  with  all 
aldehydes  and  ketones,  the  cupric  oxide  reducing  sugars  form  com- 
pounds with  phenyl-hydrazine— compounds  which  possess  definite 
crystalline  characters.  The  product  is  formed  in  two  stages.  In  the 
fii'st  place,  one  molecule  of  the  sugar  becomes  united  with  one 
molecule  of  phenyl-hydrazine,  giving  rise  to  a  hydrazone,  a  body, 
generally  of  a  soluble  nature,  which  in  presence  of  an  excess  of 
phenyl-hydrazine  leads  on  to  the  formation  of  a  second  compound. 
The  hydrazone  first  formed  undergoes  oxidation  to  a  certain  extent, 
and  combines  with  a  second  molecule  of  the  phenyl-hydrazine,  pro- 
ducing an  osazone,  a  body  of  slight  solubility,  and  usually  of  a 
crystalline  nature.  The  osazones  derived  from  the  different  sugar-s 
present  characteristic  differences  as  regards  crystalline  form,  melting 
point,  solubility,  and  optical  properties.  By  appropriate  treatment 
the  sugar  may  be  recovered  from  the  osazone,  and,  moreover,  it  has 
been  found  possible,  through  the  intervention  of  the  osazone,  to 
convert  one  sugar  into  another,  as,  for  instance,  dextrose  into 
Isevulose. 

Of  the  various  osazones,  glucosazone  stands  out  as  the  one  that 
reveals  itself  most  readily  and  most  conspicuously.  It,  indeed,  often 
separates  out  shortly  after  starting  exposure  on  the  water-bath,  and 
may  subsequently  appear  in  such  abundance  as  to  give  to  the  product 
under  examination  a  solid  consistence.  With  many  sugars,  the 
heating  on  the  water-bath  requires  to  be  prolonged  for  from  one  to 
two  or  three  hours,  and  even  then  the  osazone  inay  not  separate  out 
till  after  cooling  or,  it  may  be,  till  after  standing  for  some  hours. 
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In  the  carbohydrates  we  have  a  group  of  bodies  presenting,  as  we 
have  seen,  varying  degrees  of  hydration,  and  it  is  further  noticeable 
with  regai-d  to  them  that  they  can  be  carried  from  one  degree  of 
hydration  to  another  in  both  directions.  By  certain  means,  which, 
whilst  operating  within  the  living  organism,  can  at  the  same  time  be 
thrown  into  play  at  our  command  outside  the  organism,  transmuta- 
tion by  increased  hydration  can  be  efFected.  Passage  in  the  direction 
of  diminished  hydration  is  very  largely  taking  place  around  us,  but, 
with  the  trivial  exceptions  to  be  subsequently  mentioned,  it  is  only, 
so  far  as  appears  from  observation,  tlirough  the  agency  of  the  con- 
ditions existing  in  connexion  with  actually  living  protoplasmic 
matter  that  it  is  susceptible  of  being  brought  about.  I  will  give 
consideration  separately  to  the  two  kinds  of  transmutation. 


Transmutation  of  Carholtydrates  hij  Increased  Hydration. 

The  carbohydrates  of  lower  hydration  are  easily  moved  into  a  state 
of  higher  hydration  by  the  action  of  acids  and  ferments,  and  by  both 
these  agencies  we  have  the  power  of  effecting  at  will  the  transmuta- 
tion. In  this  way,  for  instance,  the  aniyloses  may  be  made  to  pass 
into  the  group  of  saccharoses,  as  in  the  conversion  of  starch  into 
maltose;  and  the  sacchai'oses  into  the  glucoses,  as  in  the  conversion 
of  maltose  into  dextrose,  and  saccharose  into  invert  sugar. 

The  effect  of  «cids  in  the  transformation  of  carbohydrate  matter  is 
80  well  known  that  the  subject  does  not  need  consideration  here. 

Ferment  action  must  not  be  confused  with  fermentation.  Under 
the  head  of  fei'mentation  are  included  transformatious  such  as  that 
of  sugar  into  alcohol  and  carbon  dioxide,  effected  by  the  growth  of 
the  Torula  cerevisia'  or  yeast  plant;  that  of  milk  sugar  into  lactic  acid, 
by  the  various  micro-organisms  to  which  the  action  has  been 
assigned;  that  of  alcohol  into  acetic  acid,  by  the  Mycoderma  aceti ; 
those  of  putrefaction  by  bacteria;  and  perhaps  transformations  to 
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the  products  of  whicli  the  evil  effects  produced  upon  the  invaded 
organism  by  pathogenic  bacilli  may  be  in  part  attributable. 

In  these  transformations  we  have  to  deal  with  a  molecular  disrup- 
tion of  organic  matter  lying  outside  the  living  cell  organism,  but 
within  its  sphere  of  influence — a  disruption  induced  as  a  collateral 
effect  of  the  changes  of  growth  taking  place  within  the  organism. 

Ferment  action,  on  the  other  hand,  is  brought  about  by  the  agency 
of  unorganised,  though  organic,  material.  It  consists  essentially  in  a 
process  of  hydrolysis — a  splitting-up  of  a  composite  molecule  into 
segregated  parts  accompanied  with  a  fixation  of  the  elements  of 
water.  As  examples  may  be  mentioned,  the  conversion  of  starch  and 
other  amyloses  into  maltose  by  diastase,  ptyalin,  and  the  amylolytic 
ferment  of  the  pancreas  ;  the  conversion  of  cane  sugar  into  invert 
sugar  by  invertin .;  and  the  conversion  of  albumin  and  such-like 
proteids  into  peptone  by  pepsin  and  trypsin. 

Through  zymolysis,  or  ferment  action,  even  bodies  of  a  very  stable 
nature,  looked  at  from  a  general  point  of  view,  are  susceptible  of 
being  broken  down  and  dissolved.  Cellulose,  for  example,  which  is 
resistant  to  the  solvent  influence  of  ordinary  chemical  agents,  may  be 
brought  with  facility  by  ferment  action  into  a  state  of  solution. 

A  striking  characteristic  of  the  ferment,  or  enzyme,  which  effects 
the  transformation  is  its  power  of  inducing  an  indefinite,  indeed 
almost  an  unlimited,  amount  of  change,  without  itself  undergoing 
any  appreciable  alteration  or  loss.  Farther,  an  almost  infinitesimal 
amount  of  the  ferment  is  sufficient  to  produce  a  very  extensive 
effect.  In  fact,  the  amount  may  be  so  small  that  the  presence  of  the 
ferment  is  only  susceptible  of  recognition  through  the  ferment  action 
to  which  it  gives  rise. 

In  constitution  the  enzymes  appear  to  be  of  tlie  nature  of  proteids, 
but  it  cannot  be  considered  as  absolutely  established  that  they  are 
so.  They  are  soluble  in  water,  insoluble  in  absolute  alcohol,  and  non- 
diffusible.  They  need  not  exist  at  their  source  of  production  in  a 
free  form,  but  may  become  developed  from  an  antecedent  zymogen 
at  the  moment  the  suitable  conditions  happen  to  be  supplied. 

Transmutation  of  Garhohydrates  by  Decreased  Hydration. 
Transmutations  in  the  direction  of  diminished  hydration  are  not 
under  our  control  to  bring  about  in  the  same  way  as  those  attended 
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with  increased  hydration,  and,  as  a  broad  proposition,  it  may  bo 
stated  that  it  is  only  through  the  intervention  of  the  power  belong- 
ing to  living  matter  that  they  occur. 

A  few  instances,  it  is  true,  can  be  adduced  in  which,  by  artificial 
mean?,  tra,nsforinations  from  the  higher  to  the  lower  forms  of  hydra- 
tion can  be  effected.  Thus  dextrose  (CeHiaOe),  when  heated  to 
170°  C,  loses  a  molecule  of  water,  and  is  converted  into  glucosan 
(CsH  lyOs),  a  body  having  the  percentage  composition  of  the  amyloses. 
LiBvulose  (CeHijOe)  also,  similarly  treated,  is  converted  into  Isevulosan 
(CgHioOs)  ;  and  cane  sugar  (CUH22O11),  heated  a  little  beyond  its 
melting  point  (160°  C),  becomes  transformed  into  a  mixture  of 
laevulosan  and  dextrose,  thus 

Ci2H220ii  =  C6H10O6+ CeHioOg. 

Cane  sugar.    Lasvulosan.  Dextrose. 

Both  glucosan  and  Isevulosan  are  reconvertible  into  glucose  by 
boiling  with  dilute  mineral  acids.  As  another  instance,  may  be 
mentioned  the  transformation  into  dextrin  which  dextrose  is  said  to 
undergo  (Muscnlus)  when  it  is  dissolved  in  strong  sulphuric  acid 
and  subsequently  poured  into  95  per  cent,  alcohol. 

Some  years  ago  1  thought  I  had  obtained  evidence  of  the  carrying 
down  of  cai'bohydrates  by  ferment  agency  outside  the  body,  but  from 
knowledge  since  acquired  I  have  discovered  that  a  source  of  fallacy, 
which  I  was  not  alive  to,  existed.  Indeed,  general  observation  is  to 
the  effect  that  it  would  be  contrai'y  to  the  usual  order  of  events  for 
ferment  action  to  produce  dehydration,  its  characteristic  effect  being 
to  produce  change  in  the  opposite  direction. 

There  can  be  no  doubt  that  transmutation  by  dehydration  is  very 
largely  taking  place  in  connexion  with  the  operations  of  life,  and 
examples  of  its  occurrence  are  readily  forthcoming. 

One  of  the  most  striking  and  conclusive,  on  account  of  the  simple 
nature  of  the  conditions  existing,  is  that  which  is  affoi'ded  by  what 
takes  place  as  a  result  of  the  growth  of  yeast.  From  the  researches 
of  Pasteur  it  is  known  that  a  few  yeast  cells  placed  in  a  medium  con- 
sisting of  watci-,  taiirate  of  ammonia,  cane  sugar,  and  mineral  matter 
derived  from  the  ash  of  yeast,  grow  and  multiply,  and  in  doing  so 
supply  evidence,  not  only  of  the  production  of  proteid  matter  from  the 
simple  materials  named,  but  also  of  the  deliydration  of  carbohydrate 
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matter.  The  carbohydrate  in  the  pabulum  is  in  the  form  of  saccharose, 
and  from  this  we  obtain  the  products  of  fermentation,  products  issu- 
ing from  a  change  taking  place  outside  the  yeast  organism,  and  also 
cellulose  and  glycogen  (vide  p.  10,  regarding  the  existence  of  glycogen 
in  yeast),  representations  of  transformed  carbohydrate  matter  existing 
within  the  organism.  As  a  concurrent  event  associated  with  fer- 
mentation, in  the  case  of  saccharose,  and,  in  fact,  as  a  preparatory 
step  to  it,  the  saccharose  is  raised  in  hydration  to  glucose  by  a  fer- 
ment— invertin — belonging  to  the  yeast,  before  the  splitting  up 
process  occurs.  Whether  in  the  appropriation  also  of  saccharose 
within  the  yeast  organism  it  is  previously  carried  into  glucose  or  not, 
in  either  case  the  production  of  cellulose  and  glycogen  constitutes  an 
act  of  dehydration,  effected  by  the  protoplasmic  matter  of  the  cell. 

Instances  of  dehydration  are  afforded  in  the  higher  vegetable 
organisms  by  the  production,  from  the  sugar  of  the  sap,  of  starch,  and 
more  rarely  of  inulin  and  cellulose,  for  storage  as  reserve  materials, 
and  also  of  cellulose  for  deposition  as  a  textural  material  in  the  pro- 
cess of  gj'owth. 

The  production  of  saccharose  from  glucose  in  the  ripening  of  the 
sugar-cane  furnishes  another  illustration  of  dehydration.  I  am  in- 
debted for  direct  information  upon  this  point  to  one  of  my  former 
assistants,  Mr.  Scard,  who  is  now  at  the  head  of  the  chemical  depart- 
ment of  the  Demerara  sugar  estates  of  the  Colonial  Company,  and 
whose  duties  include  the  study  of  the  conditions  influencing  the  pro- 
duction of  sugar  in  the  cultivation  of  the  cane.  It  appears  that 
during  the  period  of  active  growth  of  the  cane  the  proportion  of 
glucose  existing  in  the  juice  is  far  greater  than  when  the  cane 
reaches  maturity.  As  the  cane  ripens,  a  gradual  diminution  of 
glucose  and  increase  of  cane  sugar — the  one  standing  in  proportion  to 
the  other — are  observed  to  take  place.  During  the  active  period  of 
"  arrowing,"  or  flowering,  the  proportionate  amount  of  glucose  is 
large.  On  the  disappearance  of  the  "  arrow,"  the  cane  sugar  in- 
creases at  the  expense  of  the  glucose,  and  at  the  end  of  about  a 
fortnight  the  glucose  is  at  its  minimum,  and  the  cane  sugar  at  its 
maximum.  Subsequently,  with  the  renewed  growth  of  the  cane, 
attended  with  the  throwing  out  of  new  shoots,  the  glucose  again  in- 
creases. As  a  further  point,  it  is  to  be  stated  that  in  the  upper  or 
growing  portion  of  the  cane  glucose  and  cane  sugar  co-exist  in  nearly 
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equal  proportions,  whilst  in  the  lower  segments,  or  more  matured 
part,  cane  sugar  is  present  in  larger  amount  than  elsewhere,  and  is 
accompanied  with  only  traces  of  glucose. 

An  apposite  illustration  of  the  occurrence  of  dehydration  in  the 
animal  kingdom  is  afforded  by  the  production  of  glycogen  in  the 
liver  from  sugar  derived  from  the  carbohydrates  of  the  food  and 
conveyed  to  it  in  the  portal  blood.  The  matter  in  question  will  form 
the  subject  of  consideration  in  subsequent  pages  of  this  work. 

Transmutation  of  Carbohydrates  hy  Ferment  and  Protoplasmic  Actions, 
considered  in  relation  to  the  Operations  of  Life. 

The  effects  produced  by  ferment  action,  on  the  one  hand,  and  by 
metabolic  protoplasmic  action,  on  the  other,  are  of  an  opposite 
nature.  In  the  one  case,  more  or  less  highly  complex  molecules  of 
matter  become  split  up  into  simpler  ones  with  the  occurrence  of 
hydration.  In  the  other,  constructive  and  dehydrating  operations  are 
carried  out.  Matter  existing  in,  or  which  has  been  brought  into,  a 
more  or  less  simple  molecular  state  is  influenced  in  such  a  manner 
that  combination  ensues,  and  the  more  complex  molecules  belonging 
to  the  living  organism  ai-e  thus  built  up.  Both  operations  proceed 
upon  identically  the  same  lines  in  the  two  kingdoms — animal  and 
vegetable,  of  nature. 

Ferment  action,  as  has  been  stated,  breaks  down  complex  molecules 
into  simpler  ones,  and  hydrates.  Non-soluble  and  non-dilf usible 
matter — that  is,  matter  the  molecules  of  which  are  presumably  too 
large  to  pass  through  membranous  septa — by  such  agency  broken 
down,  becomes  soluble  and  diffusible.  With  tlie  change  effected,  it 
is  placed  in  a  position  to  be  susceptible  of  absorption,  and  thereafter 
of  transportation  from  one  part  of  the  living  organism  to  another, 
whereby  it  is  brought  within  the  sphere  of  influence  of  protoplasmic 
matter  for  appropriation  or  utilisation  in  the  living  economy. 

It  is  by  the  amylolytic,  or  diastatic,  ferments  that  carbohydrate 
matter  is  acted  upon.  Proteid  matter  yields,  in  a  similar  way,  to 
the  proteolytic,  or  peptonising,  ferments.  The  effects  wrought  upon 
the  two  kinds  of  matter  by  the  respective  ferments  are  of  the  same 
nature,  and  the  two  kinds  of  ferment  action  occur  in  common  in 
animal   and  vegetable   organisms.    The   transformation  of  carbo- 
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hydrate  matter,  as  an  event  pertaining  to  life,  is  easy  of  observation 
alike  in  the  plant  and  the  animal.  The  transformation  of  proteid 
matter  is  also  an  event  pertaining  to  life  that  has  long  been  known 
to  be  easily  susceptible  of  observation  in  association  vrith  organisms 
of  the  animal  kingdom.  Latterly,  proteolytic  ferment  action  has  been 
recognised  as  occurring  in  the  vegetable  kingdom  to  an  extent  that 
was  not  formerly  suspected.  It  is  not  improbable  that  proteolytic 
ferment  action  is  a  phenomenon  of  universal  occurrence  in  the  plant, 
and  instances  certainly  can  be  brought  forward  in  which  the  exist- 
ence of  an  active  peptonising  ferment  is  susceptible  of  ready  de- 
monstration. The  most  notable  example  is  found  in  the  Garica 
papaya ;  and,  in  reference  to  this,  the  remark  admits  of  being  made 
that  from  papaw  juice  so  large  an  amount  of  active  peptonising 
ferment,  called  papain,  can  be  extracted  that  a  place  has  been  given 
to  the  plant  amongst  the  materia  medica.  As  regards  the  existence  of 
peptonising  ferments  in  the  vegetable  kingdom,  Sachs*  says  :  "At- 
tention was  first  drawn  to  the  occurrence  of  peptonising  ferments  in 
the  vegetable  kingdom  by  the  remarkable  phenomena  observed  in  the 
so-called  insectivorous  plants.  My  earlier  studies  on  the  germina- 
tion of  various  seeds  left  no  doubt  that  seedlings  dissolve  and  make 
active  their  proteinaceous  reserve  materials  by  means  of  peptonising 
ferments.  Gorup-Besanez  was,  however,  the  first  to  detect  peptoij.is=- 
ing  ferments  in  seeds  ....  More  recently,  a  very  ei}.ergetic 
peptonising  ferment  in  the  latex  of  Garica  papaya  has  sittracted  par- 
ticular attention,  and  a  similar  ferment  has  been  detected  in  the 
latex  of  the  common  fig  {Ficiis  carica).  As  we  come  to  know  the 
proteinaceous  reserve  materials  of  plants  better,  and  if  we  follow 
their  behaviour  in  the  animal  body  also,  it  can  scarcely  be  doubtful 
that,  in  spite  of  incomplete  knowledge,  the  assumption  is,  never- 
theless, warranted  that  peptonising  ferments  are  perhaps  universally 
distributed  in  plants  ;  moreover,  peptones,  the  result  of  their  activity, 
have  actually  been  detected  by  Schulze  in  the  seedlings  of  the 
Lupine." 

I  have  entered  into  these  considerations  bearing  on  proteida  on 
account  of  their  undergoing,  under  the  influence  of  ferment  action, 
the  same  kind  of  change  as  carbohydrate  matter ;   and,  further,  on 

*  'Lectures  on  the  Physiology  of  Plants,'  by  Julius  von  Sachs,  translated  by 
II.  Marshall  Ward:  Clarendon  Press,  Oxford,  1887,  pp.  341—345. 
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account  of  the  interest  attaching  to  the  analogy  to  be  traced  iu 
the  phenomena  occurring  in  the  plant  and  animal. 

Looked  at  in  relation  to  what  has  preceded,  the  province  of  ferment 
action  is  to  prepare  for  the  exercise  of  protoplasmic  action.  But 
ferment  action  probably,  also,  plays  a  part  in  connexion  with  the 
multifarioas  retrogressive  changes  occurring  within  the  system,  from 
some  of  which  carbohydrate  matter  may  take  origin  as  a  product. 
The  subject,  however,  is  not  as  yet  one  that  can  be  considered  ripe 
for  profitable  discussion. 

Whilst  ferments  split  up  and  hydrate,  the  processes  of  synthesis 
and  dehydration  are  the  result  of  the  action  of  living  protoplasmic 
matter.  It  is  a  property  of  living  matter  to  possess  the  power  of 
converting  suitable  principles,  brought  within  its  sphere  of  influence, 
into  the  likeness  of  itself.  The  power  is  exerted  in  two  directions : 
in  giving  form,  and  in  producing  chemical  change.  To  these  two 
manifestations  of  power  the  terms  "plastic  "  and  "metabolic  "  were, 
many  years  ago,  applied  by  Schwann.  Through  the  agency  of  the 
"  plastic  "  power  possessed  by  living  protoplasm,  matter  in  a  pre- 
viously liquid  or  amorphous  condition  acquires  determinate  or  definite 
form,  and,  similarly,  through  the  "  metabolic "  power,  undergoes 
changes  of  a  chemical  nature.  This  metabolic  power  it  is  that  is  at 
the  foundation  of  the  chemistry  of  living  nature — a  chemistry  which 
is  characterised  by  its  capacity  of  leading,  amongst  other  results,  to 
the  construction  of  products  of  more  or  less  complex  molecular  con- 
stitution, a  certain  number  only  of  which  have  as  yet  proved  sus- 
ceptible of  being  formed  by  the  operation  of  forces  brought  to  bear, 
in  laboratory  undertakings,  outside  the  body.  Although  it  thus 
happens  that  products  are  formed  by  the  agency  of  Jiving  matter 
which  the  chemist  as  yet  has  not  been  able  to  form  through  the  opei  a- 
tion  of  chemical  forces  in  the  laboratory,  it  is  not  to  be  contended 
that  a  diSevent  kind  of  chemical  force  exists  in  living  from  that 
existing  in  non-living  matter,  but  merely  that  in  its  operation  in  con- 
nexion with  living  matter,  it  is  brought  into  play  in  association  with 
circumstances  of  a  diiferent  nature. 

I  have  spoken  of  the  effects  produced  by  ferment  action  and  proto- 
plasraic  action.  I  will  now  give  illustrations  showing  how  these 
actions  take  their  turn  in  the  play  of  changes  belonging  to  life.  The 
illustrations  will  bu  drawn  from  the  vegetable  kingdom,  where  the 
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operations  of  life  can  be  more  easily  followed  than  in  animal  organ- 
isms. They  will  assist  in  unravelling  the  more  complicated  opera- 
tions of  animal  life  that  will  come  before  us  for  consideration  later  on 
in  this  work. 

The  primordial,  or  first-formed,  starch,  developed  in  the  chlorophyll 
corpuscle,  is  a  product  of  protoplasmic  action.  By  ferment  action  it 
is  transformed  into  sugar,  which  passes  in  the  sap  to  seats  where  the 
operations  of  growth  and  storage  are  going  on.  Here  protoplasmic 
action  again  comes  into  play,  and  through  its  agency  the  sugar  is 
reduced  in  hydration  and  converted  into  cellulose  or  starch,  or,  it  may 
be,  some  other  allied  principle. 

Take  again  the  starch  which  has  been  deposited  in  a  grain  of 
wheat  or  other  seed,  by  protoplasmic  action,  as  storage  material  for 
service  in  connexion  with  the  evolution  of  the  embryonic  organism. 
Whilst  the  formation  of  the  seed  is  taking  place,  life  exists  in  its 
growing  structure,  and  it  is  through  the  property  of,  or  the  power 
possessed  by,  the  living  matter  that  the  sugar  reaching  it  from  the 
juice  of  the  plant  is  transmuted  into,  and  deposited  as,  starch. 
When  the  developmental  process  concerned  in  the  production  of  the 
seed  is  completed,  life,  except  in  the  small  part  constituting  the 
embryo,  ceases  to  exist,  and  transmutation  in  the  direction  of  that 
effected  by  protoplasmic  action  can  no  longer  occur.  The  storage 
matter  possesses  within  itself  no  power  of  resuming  or  re-acquiring 
the  living  state  which  existed  in  connexion  with  it  at  the  time  of  its 
deposition.  But  in  close  proximity  to  it  there  lies  a  minute  collec- 
tion of  matter  imbued  with  the  power  of  starting  into  living  activity 
when  the  requisite  conditions  are  supplied.  This,  the  embryo,  is  the 
part  from  which  the  act  of  germination  proceeds,  and  from  it  there  is 
developed  the  ferment  which  leads  to  the  conversion  of  the  stored 
starch  into  sugar.  Sachs*  says  :  "  The  ferments  appear  to  be  always 
produced  by  the  growing  parts  of  the  seedlings  and  buds  themselves, 
and  to  penetrate  from  these  into  the  reservoirs  of  reserve  materials, 
there  to  dissolve  or  make  active  the  constructive  materials.  This  is 
particularly  evident  in  the  case  of  seeds  containing  endosperm.  If 
the  young  seedling  (embryo)  is  removed  from  the  seed  of  the  Indian 
corn  (maize),  barley,  or  other  plant,  and  the  endosperm  alone  laid  in 
moist  warm  earth,  its  starch  is  not  dissolved  and  transformed  into 
*  Loc.  cif.,  pp.  343—344. 
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sugar."  Alongaide  these  words  of  the  scientist  of  the  present  day,  I 
cannot  refrain  from  placing  the  words  of  the  poet,  written  nearly  a 
couple  of  centuries  ago,  which  not  only  show  the  knowledge  that  at 
such  time  had  been  acquired  by  observant  attention,  but,  in  an 
eloquent  manner,  give  expression  to  it.  In  the  subjoined  passage* 
the  words  to  which  attention  is  directed  are  inserted  in  italics. 

"  Tell  me  why  the  Ant 
Midst  Summer's  plenty  thinks  of  Winter's  want : 
Uy  constant  journeys  careful  to  prepare 
Her  stoi'es ;  and  bringing  home  the  corny  ear, 
Sy  what  instruction  does  she  lite  the  grain, 
Lest  hid  in  Earth,  and  taking  root  again, 
It  might  elude  the  foresight  of  her  care  ?  " 

The  sugar  which  has  been  produced  by  ferment  action  from  tbe 
stored  starch,  being  conveyed  to,  and  falling  within  the  sphere  of 
influence  of,  the  living  protoplasm  of  the  embryo,  becomes  appropri- 
ated and  metamorphosed  into  the  cellulose  developed  and  deposited 
as  a  constituent  of  the  growing  organism. 

As  a  further  illustration,  I  may  cite  what  occurs  in  the  case  of  the 
tuber,  and  take  as  an  example  the  potato.  Starch,  in  the  first 
instance,  is  formed  and  deposited  by  protoplasmic  action  from  sugar 
derived  from  the  juice  of  the  plant.  With  tlie  completion  of  deposi- 
tion, the  protoplasmic  activity  which  has  been  previously  in  operation 
ceases  to  manifest  itself.  In  certain  parts  of  the  tuber,  however, 
there  are  little  buds — "eyes,"  as  they  are  called — which,  as  with  the 
embryo  of  the  seed,  under  exposure  to  conditions  favourable  to 
growth,  burst  forth  into  active  life  and  produce  a  ferment  that  acts 
upon  the  surrounding  starch,  reconverting  it  into  sugar.  The  sugar 
tlius  formed  is  next,  by  the  protoplasmic  action  of  the  living  matter 
of  the  bud,  reduced  in  hydration  and  transmuted  into  the  cellulose 
eutei'ing  into  the  structure  of  the  growing  shoot. 

*  '  Poems  on  Several  Occasions,  by  Matthew  Prior,  Esq.' :  London,  printed  for 
T.  Johnson,  1720. 
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The  glucosides  bave  long  been  known  to  chemists  as  a  class  of 
bodies  which,  by  the  agency  of  ferments  and  by  the  action  of  acids 
and  alkalis,  and  even,  to  a  slight  extent,  of  water  at  elevated  tempera- 
tures, undergo  a  cleavage  or  disruption,  with  sugar  as  one  of  the 
products.  Formulae  are  given  in  text-books  of  chemistry  represent- 
ing the  molecular  change  that  occurs,  and  they  show  that  the 
phenomenon  is  usually  attended  with  the  incorporation  of  one  or 
more  molecules  of  water. 

The  group  comprises  bodies  of  very  variable  composition.  In  some 
(salicin  may  be  mentioned  as  an  example)  only  the  three  elements  carbon, 
hydrogen,  and  oxygen  are  present.  In  others — as  an  instance,  amyg- 
dalin — nitrogen  in  addition  exists.  In  myronic  acid  (C10H19NS2O10), 
a  glucoside  obtained  from  the  seed  of  black  mustard,  there  is  the 
further  incorporation  of  sulphur.  Another  step  in  the  direction  of 
increasing  complexity  carries  us  to  a  body  standing  in  close  proximity 
to  the  proteids,  viz.,  mucin,  which,  as  a  constituent  of  connective 
tissue  as  well  as  of  mucus,  exists  extensively  diffused  throughout  the 
animal  system.  The  researches  of  Landwehr  have  shown  that,  under 
certain  treatment,  mucin  yields  a  non-reducing  carbohydrate,  which 
he  has  described  under  the  name  of  "  animal  gum,"  possessing  the 
formula  (CeHioOs)^,  and  that  this  is  convertible  into  a  cupric  oxide 
reducing,  but  non-fermentable,  sugar,  having  the  composition  of 
glucose  (C6H12O6),  which  he  calls  "  gummose." 

The  announcement  of  the  glucoside  constitution  of  mucin  was  at 
first  received  with  some  mistrust,  but  the  view  has  now  sufficiently 
gained  credence  to  meet  with  recognition  in  standard  works  on 
physiological  chemistry. 

My  own  investigations  carry  us  yet  a  step  further,  and  bring  the 
extensive  group  of  proteids  of  both  the  animal  and  vegetable  kingdoms 
of  nature  into  the  class  of  glucosides.  I  will  proceed  to  show  how  I 
was  led  up  to  this  discovery,  and  upon  what  grounds  the  statement  I 
Lave  made  is  based,    I  will  afterwards  discuss  the  glucoside  consti- 
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tution  of  proteid  matter,  looked  at  iu  relation  to  the  cliemistry  of  life, 
la  the  discussion  the  utilisation  of  carbohydrates  in  the  construction 
of  proteid  matter,  and  also  the  knowledge  that  has  been  acquired 
regarding  the  nutritive  chemical  changes  that  occur  in  connexion 
with  vegetable  life,  will  receive  consideration.  From  this  compre- 
hensive survey  a  view  will  be  seen  to  be  opened  out,  giving  to 
glucosides  a  position  of  the  deepest  physiological  interest  and  import- 
ance, by  bringing  them  significantly  into  participation,  as  inter- 
mediary agents,  in  the  play  of  changes  appertaining  to  the  chemistry 
of  life. 

The  announcement  of  the  discovery  of  the  glucoside  constitution 
of  proteid  matter  was  made  in  a  communication  read  at  the  Royal 
Society,  June  8th,  1893,  of  which  the  subjoined  is  a  transcript. 

"  The  Glucoside  Constitution  of  Proteid  Matter."* 
"  At  quite  an  early  period  of  my  research  work  I  adopted  a  process 
for  separating  the  glycogen  of  the  liver,  which  consisted  in  boiling 
with  potash,  pouring  into  alcohol,  and  collecting  the  precipitate.  For 
the  purpose  of  estimation,  the  precipitated  glycogen  was  converted 
by  means  of  dilute  sulphuric  acid  into  glucose,  the  determination  of 
which  gave  the  information  required.  This  process  I  afterwards 
applied  to  blood  and  the  various  organs  and  tissues  of  the  body,  with 
the  result  that,  in  all  cases,  a  more  or  less  notable  amount  of  cupric 
oxide  reducing  product  was  obtained.  This  I  looked  upon  as  taking 
origin,  as  in  the  case  of  the  liver,  from  glycogen.  I  gave  particulars 
of  the  amounts  derived  from  various  sources  in  a  communication 
presented  to  the  Royal  Society  in  1881  ('  Proceedings,'  vol.  32, 
p.  418). 

"  In  operating  upon  small  quantities  of  blood,  &c.,  for  quantitative 
analysis,  no  difficulty  was  experienced  in  obtaining  what  I  took  to  be 
glycogen,  from  its  being  convertible,  like  the  glycogen  in  the  case  of 
the  liver,  into  a  cupric  oxide  reducing  product,  by  the  agency  of 
sulphuric  acid;  and  from  my  analy.ses  I  obtained  very  accordant 
results.  It  stood  otherwise,  however,  when  large  quantities  were 
operated  upon  with  the  view  of  collecting  the  product  for  the  purpose 
of  studying  its  characters.  In  these  attempts,  which  were  undertaken 
•  In  ubstract,  '  Proceedings  of  llic  Eoviil  Society, '  vol.  oi,  p.  53. 
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at  different  times  upon  blood,  eggs,  and  the  spleen,  I  invariably  failed 
to  obtain  anything  like  the  amount  that  ought  to  have  been  yielded 
according  to  the  indications  afforded  by  the  quantitative  analysis 
cond acted.  It  was  obvious  to  me  that  there  was  something  connected 
with  the  extraction  with  which  I  was  not  acquainted.  Perplexed  at 
the  loss  that  was  encountered,  I  resolved  to  push  inquiry,  and  see  if 
the  discrepancy  could  not  be  cleared  up.  From  what  I  will  proceed  to 
adduce,  it  will  now  be  seen  that  the  explanation  of  my  former  want 
of  success  is  sufficiently  intelligible. 

"  A  start  was  given  by  the  following  discovery  : — It  chanced  that 
my  research  assistant,  Mr.  W.  S.  Rowntree,  conducted  some  examina- 
tions, in  one  set  of  which  the  analysis  was  uninterruptedly  proceeded 
with,  whilst  in  the  other  set,  duplicate  specimens,  after  being  placed  in 
contact  with  potash,  were  allowed  thus  to  remain  for  several  days  before 
the  subsequent  steps  of  the  process  were  carried  out.  The  figures 
derived  from  the  latter  stood  higher  than  those  from  the  former,  and 
the  difference  was  sufficiently  marked  to  arouse  my  attention,  and 
lead  me  to  conclude  that  it  could  only  be  due  to  the  effect  of  the 
varying  exposure  to  contact  with  potash. 

"  Pursuing  the  suggestion  emanating  from  what  had  been  observed, 
I  instituted  a  series  of  experiments,  in  which  various  products  were 
exposed  to  the  influence  of  potash  for  different  lengths  of  time.  It 
will  suffice  here  to  cite  the  results  obtained  from  those  upon 
muscle,  which,  from  the  little  colour  to  be  dealt  with,  yields  a  very 
favourable  material  for  experimenting  with.  The  muscle,  after 
having  been  thoroughly  extracted  with  alcohol,  was  dried  and  reduced 
to  a  finely-divided  state.  Equal  portions  were  taken,  and  placed  in 
contact  with  equal  quantities  of  a  10  per  cent,  potash  solution.  After 
being  allowed  to  reniiain  for  varying  periods  in  this  state,  they  were 
boiled,  poured  into  alcohol,  and  afterwards  proceeded  with  in  the 
usual  way.    The  results  obtained  stood  as  follows  : — 

Cupric  oxide  reducing 
power,  expressed  as 
glucose  per  1000  parts 
of  dried  muscle. 

Boiled  at  once  with  potash    35"6 

,,      after  standing    3  days  with  potash. .  4l"8 
,,  6    ,,  ,,        . .  58'1 

.  „  10    „  „  69-2 

14    ,,  ,,        . .  58"1 
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"  After  Laving  observed  tlie  manner  in  wbich  the  result  was  in- 
fluenced by  the  duration  of  the  exposure  to  the  action  of  the  potash, 

1  tried  the  effect  of  alteiing  the  strength  of  the  potash  solution  em- 
ployed, and  took  for  experiment  separated  proteids  derived  from 
various  sources.  The  observations  showed  that  a  marked  variation 
occurred  as  a  result.  A  2  per  cent,  strength,  it  was  found,  suffices 
for  dissolving  the  matei'ial  and  subsequently  yielding  a  good  liquid 
for  titration  with  the  ammoniated  cupric  solution,  but  the  amount  of 
cupric  oxide  reducing  product  resulting  from  its  use  stands  far  short 
of  that  met  with  where  a  10  per  cent,  solution  has  been  employed. 

"  The  steps  of  procedure  were  these  :  The  material  was  in  each  case 
taken  in  a  water-free  state.  Preparatory  to  treatment,  it  was  pul- 
verised in  a  mortar  and  passed  through  a  fine  metallic  gauze  sieve 
(90  to  the  linear  inch).  Minuteness  of  subdivision  is  an  important 
condition  for  secuinng  complete  solution  by  the  potash.  If  boiled  in 
a  coarse  state  with  potash,  some  particles  may  escape  solution  and 
disintegration,  and  thus  lead  to  untransformed  proteid  matter  being 
subsequently  present  when  the  stage  of  treatment  with  sulphuric  acid 
is  reached,  the  effect  of  which  is  to  give  a  violet  or  rose-red  colour 
(biuret  reaction)  in  the  process  of  titration  with  the  ammoniated  cupric 
test,  and  thus  interfere  with  an  accurate  determination  being  made. 
Under  proper  circumstances  no  such  iutcrfering  colour  is  produced. 
About  2  grams  was  the  quantity  usually  taken  for  analysis.  This  was 
boiled  in  a  flask,  with  the  use  of  the  inverted  condenser,  with  50  c.c.  of 
the  potash  solution,  for  half  an  hour,  the  vessel  being  agitated  from  time 
to  time,  so  as  to  rinse  down  the  particles  attaching  themselves  to  the 
glass  above  the  liquid,  and  secure  that  none  escaped  solution.  The  con- 
tents of  the  flask  were  then  poured  into  not  less  than  500  c.c.  of  methyl- 
ated spirit,  and  the  beaker  was  placed  aside  until  the  following  day 
for  the  thorough  settlement  of  the  precipitate.  The  precipitate  was  now 
collected  on  a  glass-wool  filter  plug,  washed  with  alcohol,  dissolved  in 
hot  water,  and,  after  the  addition  of  sulphuric  acid  to  the  extent  ot 

2  per  cent.,  boiled  for  an  hour  and  a  half  with  the  use  of  the 
inverted  condensei-,  or  placed  in  the  autoclave  and  submitted  for  half 
an  hour  to  a  temperature  of  150°  C.  (about  300°  F.).  The  acidified 
product  was  then  neutralised  with  potash,  made  up  to  a  known 
volume,  thrown  on  to  a  dry  filter,  and  finally  titrated  with  the  am- 
moniated cupric  solution.  The  subjoined  account  gives  a  representa- 
tion of  the  results  obtained. 
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"  Egg  Albumin. — Prepared  in  some  of  the  instances  by  precipitation 
with  alcohol,  and  in  the  others  by  treating  with  water,  faintly  acidify- 
ing with  acetic  acid,  and  boiling. 

"  With  the  10  per  cent,  solution  of  potash,  the  results  showed  the 
existence  of  a  cupric  oxide  reducing  power  which,  reckoned  as 
glucose,  averaged  about  30  per  1000.  With  the  2  per  cent,  potash 
it  stood  at  about  10  per  1000. 

"  VitelUnfrom  Yolk  of  Egg.— Ahout  the  same  average  figures  were 
yielded  as  by  egg  albumin. 

''Proteids  of  Blood  Serum. — One  observation,  in  which  the  figures 
stood  at  16  per  1000  after  the  employment  of  10  per  cent,  potash,  and 
at  6  per  1000  after  2  per  cent. 

"  Froteid  of  Haricot  Bean  (classed  as  a  globulin). — Obtained  by 
extracting  with  cold  water,  filtering  the  solution,  and  coagulating  by 
faintly  acidifying  with  acetic  acid  and  boiling.  The  absence  of  starch 
was  proved  by  iodine.  91  per  1000  constituted  the  figures  obtained 
after  treatment  with  10  per  cent.,  77  per  1000  after  2  per  cent.,  and 
47  per  1000  after  1  per  cent.,  potash. 

"  Gluten  from  Wheat  Flour. — Washed  till  freedom  from  starch  was 
shown  by  iodine.  The  figures  given  after  the  employment  of  10  per 
cent,  potash  solution  stood  at  60  per  1000,  and  after  2  per  cent,  at 
54  per  1000,  in  the  case  of  one  specimen  ;  and  in  that  of  another,  at 
53  per  1000  after  10  per  cent.,  30  per  1000  after  2  per  cent.,  and 
24  per  1000  after  1  per  cent. 

"As  I  have  said,  I  formerly  looked  upon  the  cupric  oxide  reducing 
product  given  by  the  process  of  analysis  I  have  described  as  emanat- 
ing from  the  presence  of  free  glycogen.  The  evidence  I  have  just  ad- 
duced negatives  this  view.  If  free  glycogen  or  starch  had  been  the 
source  of  ' the  reducing  product,  the  treatment  with  potash  would 
have  produced  no  effect  beyond  dissolving  the  associated  nitrogenous 
matter  and  placing  it  in  a  position  to  be  separable  by  the  agency  of 
alcohol,  and  no  difference  would  have  resulted  from  varying  the 
strength  of  the  alkali  or  the  length  of  time  of  contact.  The  con- 
clusion, therefore,  deducible  is  that  the  cupric  oxide  reducing  product 
taking  origin  under  the  circumstances  must  be  derived  from  some 
other  source,  and  that  the  source  lies  in  the  cleavage  or  disruption  of 
the  proteid  molecule  itself. 

"Besides  the  principles  referred  to  above,  from  which,  as  I  have 
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pTiown,  a  onpric  oxide  redacing  product  is  to  be  obtained  by  tbe 
cleavage  action  of  potash,  the  subjoined  have  also,  witli  the  results 
specified,  been  subjected  to  treatment  with  potash  of  10  per  cent, 
strength. 

'^Fibrin. —  Obtained  by  whipping  freshly  drawn  blood,  washing  the 
stringy  coagulum  with  water  till  colourless,  immersing  in  alcohol  for 
dehydration,  and  afterwards  drying  by  exposure  to  the  air.  The 
cupric  oxide  reducing  product  yielded  after  treatment  with  10  per 
cent,  potash  amounted  in  one  case  to  22  07  and  in  another  to 
22-72  per  1000,  expressed  as  glucose. 

"  Mucin. — Obtained  from  the  vitreous  humour  of  sheep's  and 
bullocks'  eyes  by  precipitation  with  alcohol  and  subsequently  drying. 
27  4  to  29'6  per  1000  constituted  the  range  of  figures  yielded. 

"  Casein. — Obtained  from  milk  by  heating  and  faintly  acidifying 
with  acetic  acid.  The  coagulum  after  being  washed  was  squeezed, 
dehydrated  by  alcohol,  and  treated  with  ether  for  removal  of  fat. 
The  cupric  oxide  reducing  product  yielded  amounted  only  to  2  to  4 
per  1000.  The  dilTerence  here  presented  from  the  figures  in  every 
case  previously  given  is  very  marked,  and  from  this  and  other  con- 
siderations the  idea  is  suggested  that  casein  may  itself  be  a  nitrogen- 
ous cleavage  product,  lactose  constituting  the  complementary 
carbohydrate  part. 

"  Gelatin. — It  is  to  be  noted  as  a  point  of  difference  from  proteids  that 
no  cupric  oxide  reducing  product  is  obtainable  from  gelatin.  The 
gelatin  sold  under  the  designation  of  "  French  leaf  "  is  the  kind  I 
have  submitted  to  examination. 

"In  accord  with  the  known  effect  of  water  at  elevated  temperatures 
in  leading,  to  a  greater  or  less  extent,  to  the  splitting  up  of  glucosides, 
it  is  found  that  from  proteid  matter  a  certain  amount  of  cupric  oxide 
reducing  product  is  similarly  obtainable.  After  treatment  of  egg 
albumin  with  water  at  a  temperatui-e  of  about  150°  C.  (.300°  F.),  I 
have  obtained  from  the  liquid  a  product  which  has  given  unmis- 
takable evidence  of  possessing  cupric  oxide  reducing  power. 

" Preparation  and  Properties  of  the  Cleavage  Product,  susceptible  of  Con- 
version into  a  Cupric  Oxide  Seducing  Body  (Sugar),  derived  from 
Proteid  Matter. 

"  I  have  shown  how,  through  the  quantitative  analyses  conducted 


GLUCOSIDE  CONSTITUTION  OF  PROTEID  MATTER. 


33 


witli  the  ammoniated  cupric  solution,  I  was  led  to  the  discovery 
that  a  cupric  oxide  reducing  product  is  obtainable  from  proteid 
matter.  I  have  referred  to  my  fruitless  attempts  to  collect  the 
cleavage  product  of  the  action  of  potash  in  quantity,  and  to  the 
difficulty  thereby  created  through  the  conflicting  evidence  presented. 
Subsequently  an  instance  occurred  in  the  course  of  the  prosecution 
of  my  researches  from  which  I  learnt  that  the  precise  strength  of  the 
alcohol  employed  for  precipitation  after  the  boiling  with  potash  con- 
stituted an  item  of  greater  importance  in  the  process  than  I  had 
previously  realised.  Looking,  as  I  had  originally  done,  on  the  pre- 
cipitated material  as  glycogen,  I  had  assumed,  from  the  known 
sparing  solubility  of  this  body  in  alcohol,  that  as  long  as  the  existing 
strength  of  spirit  was  not  under  60  per  cent,  full  j^recipitation  would 
be  secured.  It  now  became  evident  to  me,  however,  that  such  was 
far  from  being  the  case,  and  that  unless  much  stronger  spirit  were 
used  only  partial  precipitation  occurred. 

"  This  information  regarding  the  loss  that  may  arise  from  the  em- 
ployment of  a  strength  of  spirit  that  I  had  previously  regarded  as 
sufficient,  together  with  what  I  have  shown  to  be  the  different  extent 
of  cleavage  effect  resulting  from  the  employment  of  different 
strengths  of  potash,  supplies  the  key  to  the  explanation  of  the  former 
want  of  success  attending  my  endeavours  to  obtain  the  product  in 
quantity.  In  operating  upon  large  amounts  of  material,  the  circum- 
stances are  such  as,  without  the  knowledge  of  the  requisite  precau- 
tions to  be  observed,  to  be  likely  to  lead  to  loss  both  from  incomplete 
cleavage  by  the  potash  and  incomplete  precipitation  by  the  spirit. 
Suffice  it  that  I  have  now  no  difficulty  in  obtaining  the  product  in 
any  amount  that  may  be  required  for  the  purpose  of  examination  or 
experiment,  and  I  will  proceed  to  describe  the  steps  of  procedure  I 
adopt  with,  for  example,  egg  albumin,  which  has  appeared  to  me  to 
be  the  most  suitable  form  of  proteid  to  take  as  a  representative  of 
the  group. 

"  The  whites  of  twelve  eggs,  separated  from  the  yolks,  are  broken 
up  in  an  egg-beater,  or  by  whipping,  and  poured  a  little  at  a  time 
into  a  large  capsule  of  boiling  water,  acidulated  with  acetic  acid  to 
the  point  required  for  obtaining  a  satisfactory  coagulation  of  the  al- 
bumin. The  water  is  strained  off  through  muslin,  and  the  coagulum 
Washed,  squeezed,  and  then  placed  in  a  flask  with  20  grams  of  potash 
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dissolved  in  a  small  quantity  of  water.  The  mixture  is  placed  on 
the  water-bath  for  two  or  three  hours  or  set  aside  till  the  following 
day,  with  in  either  case  an  occasional  shaking,  to  become  liquefied. 
The  measurement  of  the  liquid  is  now  taken,  and  potash  added  to 
the  extent  required  to  bring  to  a  10  per  cent,  strength.  The  flask 
having  been  fitted  to  an  inverted  condenser,  its  contents  are  boiled 
for  half  an  hour.  The  liquid  is  next  treated  with  acetic  acid  till 
rendered  faintly  acid,  and  after  filtration  concentrated  on  the  water- 
bath  to  a  bulk  of  about  100  c.c.  in  order  to  diminish  the  quantity  of 
alcohol  subsequently  required.  It  is  now  ia  a  somewhat  viscid  state, 
and  if  simply  poured  into  spirit  would  sink  as  a  coherent  mass.  To 
avoid  this,  a  certain  amount  of  spirit,  insufficient  for  precipitation,  is 
added,  and  aferwards  the  whole  poured  into  a  further  quantity  of 
about  2  litres  to  secure  that  the  strength  of  alcohol  is  in  excess  of 
what  is  actually  required.  The  material  then  sepai'ates  out  in  a 
finely  divided  form,  and  on  the  following  day  will  be  found  to  have 
settled  into  a  gunomy  mass  at  the  bottom  of  the  vessel,  from  which 
the  spirit  may  be  removed  by  simply  pouring  off.  This  constitutes 
the  product  from  which  a  cupric  oxide  reducing  body  is  obtainable, 
and  which  T  formerly  regarded  as  consisting  of  glycogen  in  a  crude 
state. 

"  The  properties  of  the  material  thus  obtained  are  as  follows  : — 

"  In  the  dried  state  it  forms  a  hard,  glassy,  resinoid  mass. 

"  It  is  readily  soluble  in  water,  giving  a  clear  solution. 

"  It  yields  no  coloration  with  iodine. 

"  It  possesses  no  cupric  oxide  reducing  power. 

"  It  is  precipitable  by  alcohol,  but  alcohol  of  considerable  strength  is 
required  for  the  purpose.  In  the  presence  of  spirit  of  85  to  90  per 
cent,  it  is  in  great  part,  if  not  completely,  precipitated,  settling  down 
as  an  adherent,  tenacious,  gummy  mass,  from  which  the  alcohol  may 
be  decanted  off,  and  which  may  afterwards  be  worked  up  by  stirring 
with  a  glass  rod  into  a  sticky  material.  With  absolute  alcohol,  used 
freely,  it  is  thrown  down  as  a  finely-divided  white  precipitate,  vathout 
any  tendency  to  coalesce  into  a  gummy  mass.  When  precipitated  in 
the  gummy  form  treatment  with  absolute  alcohol  exerts  a  dehydrat- 
ing action  upon  it,  causing  it  to  harden  and  assume  a  crumbled,  in 
place  of  a  coliesive,  state.  In  the  presence  of  spirit  of  less  than  85 
per  cent,  strength,  precipitation  becomes  moi'e  and  more  incomplete, 


GLUCOSIDE  CONSTITUTION  OF  PROTEID  MATTER. 


35 


and  the  precipitate  produced  by  the  weaker  kind  of  spirit  assumes  a 
loose  or  non-adherent  form.  The  incompleteness  of  precipitation  by 
moderate  strengths  of  alcohol  is  readily  made  apparent  by  the 
further  precipitation  that  occurs  upon  the  addition  of  more  alcohol  to 
the  supernatant  spirit. 

"In  its  physical  characters  it  presents  a  resemblance  to  Landwehr's 
'  animal  gum.'  Chemically  it  also  resembles  Landwehr's  '  animal 
gum  '  in  forming  a  copper  compound  on  being,  treated  with  cupric 
sulphate  and  caustic  potash,  from  which  it  is  susceptible  of  recovery 
by  the  agency  of  hydrochloric  acid  and  subsequent  precipitation  with 
alcohol.    Landwehr's  process  is  in  substance  as  follows  : — 

"  The  cleavage  product  obtained  from  mucin  by  the  action  of 
dilute  hydrochloric  acid  is  dissolved  in  water,  and  to  the  solution 
are  added  a  sufficiency  of  copper  sulphate  and  excess  of  caustic 
potash.  The  precipitate  containing  the  copper  compound  is 
separated  by  filtration,  assiduously  washed,  dissolved  in  as  small 
a  quantity  as  possible  of  strong  hydrochloric  acid,  and  the 
solution  poured  into  three  times  its  volume  of  absolute  alcohol. 
On  placing  the  alcoholic  liquid  on  the  water-bath  at  about  60°  0., 
a  flocculent  precipitate  almost  immediately  begins  to  separate 
out,  which  constitutes  the  liberated  "animal  gum,"  and  which,  on 
being  collected  and  subjected  to  appropriate  treatment  with  sulphuric 
acid,  gives  origin  to  a  cupric  oxide  reducing  product. 

"  I  have  applied  this  process  to  the  product  under  consideration 
derived  from  the  action  of  potash  upon  albumin,  and  have  found 
that  it  behaves  throughout  like  Landwehr's  '  animal  gum,'  and 
similarly  yields  a  cupric  oxide  reducing  body.  Moreover,  I  have 
farther  found  that  this  cupric  oxide  reducing  body  gives  with 
phenylhydrazine  needle  crystals  of  glucosazone,  of  which  I  have 
obtained  micro-photographs. 

"  The  product,  it  may  be  finally  remarked,  possesses  the  property 
of  diffusibility,  a  character  in  which  it  differs  from  the  amylose 
carbohydrates — starch,  glycogen,  and  dextrin.  I  have  been  unable 
to  find  any  statement  about  the  diffusibility  or  otherwise  of  '  animal 
gum,'  but  it  is  described  as  being  a  constant  constituent  of  the 
urine,  which  may  be  regarded  as  indicative  of  its  being  of  a  diffu- 
sible nature. 
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"  Preparation  and  Properties  of  the  Cupric  Oxide  Reducing  Product 
(Sugar)  derivable,  through  the  preceding  product,  from  Proteid 
Matter. 

"  By  the  action  of  mineral  acids,  the  first-formed  product  of  which 
T  have  been  speaking  undergoes  conversion  into  a  cupric  oxide 
reducing  material.  For  effecting  this  conversion,  I  have  for  years 
past  been  in  the  habit  of  using  2  per  cent,  sulphuric  acid.  I  was 
under  the  impression,  as  I  have  already  said,  that  the  product  con- 
sisted of  glycogen,  and  from  observations  upon  the  conversion  of 
starch  and  glycogen  into  glucose,  I  had  formed  the  opinion  that 
sulphuric  acid  of  the  strength  named  best  and  most  securely  met 
the  requirements.  Boiling  for  an  hour  and  a  half  with  an  inverted 
condenser  was  resorted  to,  unless  the  autoclave  was  used,  in 
which  case  half  an  hour's  exposure  to  a  temperature  of  150°  C. 
was  found  to  produce  an  equivalent  effect,  the  results  given  by 
the  two  methods  being  practically  identical.  Whez'e  a  quantitative 
analysis  has  constituted  the  object  in  view,  the  acid  employed 
has  been  subsequently  neutralised  with  potash.  The  sulphate 
of  potash  formed  does  not,  under  the  circumstances,  occasion 
any  inconvenience ;  but,  should  it  be  desired  to  collect  the  re- 
ducing prodact,  the  acid  must  be  removed  by  precipitation,  and 
this  is  best  effected  by  the  agency  of  barium  carbonate.  The  fil- 
trate from  the  barium  sulphate  and  surplus  barium  carbonate  being 
afterwards  evaporated  to  dryness  on  the  water-bath,  the  matei-ial 
in  the  state  desired  is  yielded. 

"  With  regard  to  the  cupric  oxide  reducing  product  obtained,  I  had 
all  along  felt,  from  certain  points  connected  with  its  manner  of  re- 
ducing the  ammoniated  cupric  solution,  that  it  did  not  consist  of 
glucose,  and  I  several  times  tried  to  get  it  carried  higher  in  cupric 
oxide  reducing  power  by  the  acid.  I  noticed  with  products  which 
had  been  allowed  to  stand  for  some  days  or  weeks  after  boiling  with 
the  acid  that  indications  were  afforded  suggestive  of  the  occurrence 
under  examination  of  increased  cupric  oxide  reducing  action,  but  the 
evidence  did  not  come  out  with  sufficient  distinctness  to  permit  of 
my  drawing  any  definite  conclusion  upon  the  point.  Moreover,  I  had 
the  fact  before  me  that  standing  with  potash  was  attended  with  an 
increased  effect,  and  it  seemed  to  me  unintelligible  that  the  same 
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result  should  occur  from  standing  with  the  acid.  In  reality,  how- 
ever, there  is  truth  in  what  I  observed,  and  I  can  now  demonstrate 
that  the  body  I  obtained  with  the  2  per  cent,  acid  is  susceptible  of 
being  carried  into  one  of  much  higher  cupric  oxide  reducing  power. 
What  appeared  to  be  anomalous  is  now  cleared  up.  Through  the 
potash,  the  capacity  exists  for  an  influence  to  be  exerted  upon  the 
amount  of  cleavage  product  developed  ;  and  through  the  acid,  the 
subsequent  ti'ansformation  may  be  influenced  in  such  a  manner  as  to 
give  a  product  with  an  increased  cupric  oxide  reducing  power,  and 
thus  the  semblance  of  an  increase  of  material. 

"  It  was  from  what  I  observed  whilst  working  with  the  phenylhydr- 
azine  test  that  the  suggestion  was  supplied  which  led  to  the  next  step 
of  progress.  Struck  with  the  resemblance  between  the  deposit  (not 
crystalline,  it  is  to  be  remarked)  given  by  the  reducing  product 
derived  from  the  action  of  the  2  per  cent,  acid  and  that  given  by 
lactose  (the  ordinary  crystallised  of  commerce),  I  was  led  to  re- 
new my  efibrts  in  the  direction  of  getting  the  body  carried  higher 
in  cupric  oxide  reducing  power.  In  experimenting  with  cellulose,  I 
had  found  that  but  very  slight  action  was  produced  by  2  per  cent, 
acid,  but  that  considerable  eflfect  followed  the  employment  of  acid  of 
10  per  cent,  strength,  and  it  occurred  to  me  as  possible  that  the  body 
I  was  dealing  with  might,  as  regards  resistance  to  the  action  of  acids, 
stand  in  a  similar  position.  I  was  thus  led  to  try  the  effect  of  10  per 
cent,  acid,  and,  as  the  result,  found  that  the  reducing  power  of  the 
product  became  nearly  doubled — in  other  words,  became  I'aised  in  the 
proportion  of  from  between  50  and  60  to  100.  Upon  the  sti-ength  of 
this  result,  I  tried  the  effect  of  50  per  cent,  acid  allowed  to  remain 
in  contact  with  the  product  for  from  one  to  three  days,  then  diluted 
to  10  per  cent.,  and  boiled.  The  result  stood  about  the  same  as  after 
direct  boiling  with  10  per  cent.  acid.  After  15  per  cent,  acid,  also,  a 
like  result  was  obtained.  As  yet  I  have  failed  to  carry  the  body  to  a 
higher  stage  of  cupric  oxide  reducing  power  than  that  produced  by 
10  per  cent,  acid,  but  I  am,  nevertheless,  not  satisfied  that  the  stage  of 
glucose  has  been  reached.    Indeed,  I  am  led  to  think  that  it  has  not. 

"  The  effect  of  raising  the  cupric  oxide  reducing  power  is  to  give  a 
semblance  of  a  corresponding  increase  of  material.  The  figures, 
therefore,  representing  the  amount  of  cupric  oxide  reducing  product 
expressed  as  glucose,  obtainable  from  the  various  proteids  as  a  result 
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of  the  employment  of  2  per  cent,  sulphuric  acid,  require,  as  a  result 
of  the  employment  of  10  per  cent,  acid,  to  be  nearly  doubled. 

"Tbepi'oduct  obtained  afferthe  sepai'ation  of  the  sulphuric  acid  by 
barium  carbonate  and  evaporation  to  dryness  possesses  the  following 
characters : — 

"It  presents  the  appearance  of  a  sugary  extractive,  and  possesses  a 
pronounced  baked-sugar  odour. 

"  It  is  very  soluble  in  water,  only  slightly  soluble  in  absolute 
alcohol,  considerably  soluble  in  spirit  of  about  90  per  cent,  strength. 

"  It  is  readily  diffusible. 

"  On  being  boiled  with  caustic  potash  (Moore's  test),  the  solution 
darkens  in  colour. 

"It  dissolves  hydrated  oxide  of  copper  in  the  presence  of  potash  in 
excess  (Trommer's  test),  without  the  production  of  a  biuret  reaction ; 
at  least,  specimens  are  often  procui'able  of  which  this  can  be  said. 

"  With  Fehling's  solution  it  gives  a  strong  and  neat  reaction,  the 
reduced  oxide  of  copper  falling  as  a  dense  red  precipitate. 


Photo-eiigviiving  of  uiitTO-photograpli  of  osazone  crystals  from  the  cleavage  sugar 
from  egg  albumin.    Magnified  400  diameters. 
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"Heated  on  the  water-bath  for  from  two  to  three  hours  wjtti  phenyl- 
hydrazine  and  acetic  acid,  it  yields  on  cooling  a  crystalline  osazone, 
presenting  the  form  of  needles  aggregated  into  sheaves  or  brushes, 
or  clustered  in  a  radiating  manner  into  dense  round  masses.  Fre- 
quently the  composite  character  of  the  round  masses  is  only  to  be 
seen  on  close  inspection  of  the  circumference.  Whilst  a  certain  type 
of  character  is  presented,  variations  within  certain  limits  aie  notice- 
able, and  sometimes  an  approach  to  a  spike  constitution  is  observable. 
The  crystals  are  soluble  in  alcohol,  from  which  they  may  be  recrys- 
talli.sed. 

"  It  gives  with  benzoyl  chloride  an  insoluble  compound,  in  accoi'd 
with  the  behaviour  of  carbohydrates. 

"With  a-naphtliol  and  excess  of  strong  sulphuric  acid  it  behaves 
like  sugar  in  giving  a  deep  violet  colour,  and  leading  on  dilution  to 
the  formation  of  a  violet-blue  precipitate  soluble  in  alcohol,  ether, 
and  caustic  potash,  with  the  production  of  yellow  solutions,  but  in- 
soluble in  hydrochloric  acid,  a  character  by  which,  according  to 
Molisch,  the  precipitate  produced  from  sugar  is  distinguishable  from 
that  derived  from  peptone  and  various  albuminous  bodies. 

"  With  thymol  and  excess  of  strong  sulphuric  acid,  it,  again,  behaves 
like  sugar,  giving  a  deep  red  coloration,  followed  on  dilution  by  the 
production  of  a  carmine-red  precipitate,  soluble  in  alcohol,  ether,  and 
caustic  potash,  with  the  formation  of  pale  yellow  solutions,  and  in 
ammonia  with  the  formation  of  a  bright  yellow  solution.  The  pre- 
cipitate, as  in  the  case  of  the  a-naphthol  test,  is  found  to  possess  the 
character  of  insolubility  in  hydrochloric  acid. 

"  It  is  susceptible  of  being  thrown  down  in  combination  with  oxide 
of  lead,  and  is  afterwards  recoverable  from  the  compound.  To  de- 
monstrate this,  the  aqueous  solution  is  first  treated  with  neutral 
acetate  of  lead  and  filtered.  Ammonia  is  then  added  to  the  filtrate, 
and  afterwards  lead  acetate  and  ammonia  as  long  as  further  pre- 
cipitation occurs.  The  precipitate,  which  contains  the  sugar  com- 
pound, is  collected  and  washed  with  water  until  by  test-paper  it  is 
shown  to  be  free  from  ammonia.  The  sugar  is  now  liberated  by  dis- 
solving the  precipitate  in  acetic  acid,  and  the  lead  got  rid  of  by 
precipitation  with  sulphuric  acid.  From  the  sugar  thus  recovered 
the  usual  reaction  is  obtainable  with  Fehling's  solution  (provided  the 
ammonia  has  been  fully  removed)  ;  and  also  the  ci'ystalline  osazone, 
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with  phenjlhydrazlne.  Subjoined  is  a  micro-photographic  repre- 
sentation of  the  crystals  I  have  obtained.  On  comparing  them  with 
those  previously  represented,  it  will  be  seen  that  a  somewhat  modified 
form  is  presented  as  the  result  of  the  process  that  the  sugar  has 
passed  through. 


Osazone  crjstals  from  tlie  cleavage  sugar  from  egg  albumin  recoTerecl  from  the 
lead  comjjound.    Magnified  400  diameters. 

"  From  this  assemblage  of  positive  characters,  it  appears  to  me  that 
there  cau  be  no  doubt  that  the  cupric  oxide  reducing  body  obtainable 
fi"om  proteid  matter  consists  of  sugar.  It  is  to  be  stated,  however, 
that  1  have  not  yet  obtained  it  in  a  form  to  prove  fermentable,  and 
Dr.  Sheridan  Lea,  who  has  kindly  undertaken  its  examination  with 
the  polarimetcr,  informs  me  that  he  has  failed  to  notice  any  rotation 
of  which  he  could  speak  with  certainty.  If  anything,  there  was, 
he  adds,  a  tendency  to  Itevorotation,  but  amounting  to  not  more 
than  0°-l. 

"  As  regards  both  fermentability  and  optical  activity,  it  is  known 
that  sugars  exist  without  the  possession  of  these  properties.  Land* 
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■vvehr's  '  gummose,'  whicli  stands  closely  related  to  my  cupric  oxide 
reducing  product,  if  it  is  not  actually  identical  with  it,  constitutes 
an  example  of  a  sugar  that  does  not  ferment.  With  regard  to 
optical  activity,  not  only  are  sugars  known  which  do  not  exhibit  this 
property,*  but  there  is  the  further  point  of  consideration  that  a  rota- 
tory power  which  may  exist  may  be  neutralised,  and  thus  masked 
by  a  rotation  in  the  opposite  direction  due  to  the  incidental  presence 
of  other  bodies. 

"In  addition  to  the  evidence  derivable  from  the  positive  characters 
that  have  been  mentioned  as  possessed  by  the  cupric  oxide  reducing 
product,  there  is  the  corroborative  evidence  to  be  taken  into  account 
supplied  by  the  characters  of  agreement  observable  between  my 
primary  non-reducing  product  and  Landwehr's  'animal  gum.'  As  I 
have  already  shown,  the  product  in  question  cari  be  thrown  down, 
precisely  like  'animal  gum,'  in  combination  with  copper  oxide,  and 
is  afterwards  recoverable  and  convertible  into  a  cupric  oxide  reducing 
body,  which,  as  I  have  further  said,  yields  with  phenylhydrazine  a 
crystalline  osazone.  Two  kinds  of  crystals  are  perceptible  in  the  sub- 
joined micro-photograph  (p.  42),  one  consisting  distinctly  of  the  long 
needles  of  glucosazone.  In  its  ready  mode  of  separating  out,  the 
osazone,  it  may  also  be  said,  was  observed  to  agree  with  that  derived 
from  glucose.  A  10  per  cent,  strength  of  sulphuric  acid  was  employed 
in  obtaining  the  cupric  oxide  I'educing  product  opei-ated  upon. 

"  In  closing  this  communication,  I  feel  it  due  to  my  assistants,  Mr. 
Rowntree  and  Mr.  Siau,  to  acknowledge  the  zeal  with  which  they  have 

*  It  is  known,  as  a  practical  detail,  to  tliose  wlio  are  engaged  in  the  sugar-cane 
industry  that  the  glucose  present  in  the  living  and  growing  cane  is  not  possessed  of 
optical  properties,  or,  at  least,  if  it  does  possess  optical  properties,  that  they  must  be 
of  a  nature  to  exactly  neutralise  each  other,  for  if  tlie  freshly-cut  cane  is  at  once  put 
through  the  mill  the  glucose  contained  in  the  extract  is  found  not  to  interfere  with 
the  polarimetric  estimation  of  the  cane  sugar.  With  the  glucose,  on  the  other 
hand,  recognizable  after  the  cane  has  been  cut  or  injured,  the  circumstances  stand 
otherwise.  The  juice  here  contains  glucose  of  an  optically  active  nature,  consisting 
of  ordinary  invert,  or  transformed  cane,  sugar.  This  may  greatly  exceed  in  amount 
the  inactive  glucose  present  in  the  fresh  cane ;  and,  in  proportion  to  its  amount  the 
estimation  of  the  cane  sugar  is  interfered  with. 

Upon  tlie  question  of  optical  activity  Emil  Fischer  remarks  that  experience,  in 
connexion  with  the  bodies  belonging  to  the  sugar  group,  confirms  the  view  that  for 
every  optically  active  substance  there  exists  an  isomeric  form  of  opposite  optical 
activity,  and  that  the  two  compounds  combine  together  to  form  an  inactive  modifi- 
cation. 
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helped  me  in  the  work  that  has  been  performed.  I  further  consider 
it  due  to  state  that  the  facilities  afforded  by  the  Research  Labora- 


Osuzoiic  crystals  from  the  sugar  obtained  from  tlic  primary  uon-rcducing  product 
after  recovery  from  its  copper  compound.    Magnified  J^OO  diameters. 

tories  of  the  Colleges  of  Physicians  and  Surgeons  have  largely  con- 
tributed to  enable  me  to  carry  on  my  investigation  work  to  the  point 
that  has  been  attained." 

The  above  transcript  represents  the  extent  to  which  my  knowledge 
had  i-eached  when  I  communicated  my  results  to  the  Royal  Society 
in  May  last.  I  thought  it  probable  that  by  further  woi'k,  through 
the  aid  of  the  copper  precipitation  of  my  primary  non-reducing 
product,  sugar  might  be  found  to  be  obtainable  in  a  sufficiently  pure 
form  for  submission  to  combustion  analysis.  I  have  exerted  my 
endcavoui's  towards  the  achievement  of  this  object.  Tlic  successful 
precipitation  appeal's  to  rest  upon  the  employment  of  delicately 
balanced  quantities  of  the  agents  used ;  but,  as  stated  in  the  com- 
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munication  above  set  forth,  I  have  obtained  from  the  copper  pre- 
cipitate a  product  which  on  being  subjected  to  the  inverting 
influence  of  sulphuric  acid  hns  acquired  cupric  oxide  reducing  power, 
and  lias  given  with  plienyl-hydrazine  the  osazone  crystals  represented 
by  the  photo-engraving  inserted.  Repetitions  of  the  process,  how- 
ever, have  not  been  always  attended  with  success;  and  there  is  this 
important  consideration,  that,  whatever  may  be  the  case  with  Land- 
wehr's  animal  gum  obtained  from  mucin,  my  product,  obtained  by 
the  action  of  potash  upon  albumin  after  subjection  to  the  copper  pre- 
cipitation process,  is  accompanied  with  other  material  which  comes  out 
in  the  spirit  on  warming  in  a  flocculent  form,  precisely  as  is  done  by 
animal  gum.  This  establishes  a  difficulty  which  entirely  frusti-ates 
the  attainment  of  the  object  to  which  I  thought  the  copper  precipi- 
tate might  prove  applicable. 

Cleavage  of  Carbohydrate  from  Proteid  Matter  by  the  direct  action  of 

Sulphuric  Acid. 

An  extension  of  reseai'ch  upon  modified  lines  has  led  to  another 
important  step  being  efl^ected.  Through  the  advance  made,  the  pre- 
liminary production  of  the  non-cupric  oxide  reducing  material  by  the 
agency  of  potash  is  no  longer  needed.  It  turus  out,  in  fact,  that  the 
cleavage  of  the  proteid  molecule,  with  the  liberation  of  sugar,  can  be 
brought  about  by  the  direct  treatment  of  albumin  with  sulphuric 
acid.  Thus  the  process  for  demonstrating  the  glucoside  constitution 
of  proteid  matter  becomes  veiy  much  simplified  and  shortened. 

I  tried,  some  time  ago,  the  effect  of  the  direct  action  of  sulphuric 
acid  upon '  the  proteid  matter  of  muscular  tissue.  I  had  not  then 
worked  with  phenyl-hydrazine,  and  I  could  make  out  nothing  definite 
through  the  employment  of  the  copper  test,  on  account  of  the  ob- 
scuring effect  of  the  peptone  reaction,  although  I  felt  strongly  im- 
pressed  that  evidence  was  afforded  of  the  occurrence  of  a  reducing 
action.  I  made  attempts  to  separate  the  peptone,  but  failed  to  find  a 
satisfactory  means  of  doing  so.  Later,  whilst  working  at  the  osa- 
zones,  it  occurred  to  me  to  apply  this  method  of  sugar  recognition  to 
the  product  of  the  direct  action  of  sulphuric  acid  on  proteid  matter. 
The  result  obtained  was  a  copious  production  of  well  shaped  osazone 
crystals. 
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For  the  application  of  the  process,  10  grams  of  purified,  dried,  and 
finely  divided  (passed  through  a  90  to  the  linear  inch  sieve)  egg 
albumin  constitutes  a  convenient  quantity  to  take.  As  sugar  is 
originally  present,  which  would  remain  undestroyed  by  the  action  of 
the  acid,  it  is  necessary  that  care  should  be  exercised  to  secure  com- 
plete purification.  This,  it  may  be  considered,  is  effected  by  tbe  plan 
adopted,  consisting  of  precipitating  by  and  boiling  with  alcohol,  sub- 
sequently extracting  with  boiling  water,  and  fiually  with  boiling 
alcohol. 

The  material  to  be  dealt  with  is  placed  in  50  c.c.  of  10  per  cent, 
sulphuric  acid  and  exposed  to  heat  in  the  requisite  manner.  The 
form  of  osazone  crystal  obtained,  as  will  bo  presently  shown,  varies 
with  the  extent  of  influence  exerted  by  the  degree  and  duration  of 
the  heat  brought  to  bear.  The  further  the  action  of  the  acid  is 
pushed,  the  quicker  the  osazone  separates  out  and  the  more  distinctly 
acicular,  in  brush-like  or  stellate  aggregations,  the  character  of  the 
crystals  formed.  The  less  complete  the  action,  the  more  ball-like  the 
form  of  crystal  presented  and  the  less  speedy  the  deposition.  It 
appears  to  me,  from  all  I  have  seen,  that  the  different  forms  of  crys- 
tals arise  from  corresponding  modified  forms  of  sugar ;  and,  that  in 
the  first  manifestation  of  the  power  of  crystallising  the  character 
assumed  is  that  of  a  nebulous  or  moss-like  radiate  bod}'.  In  the  case 
of  the  sugars  from  other  sources,  it  is  found  that,  the  lovrer  the  cupric 
oxide  reducing  power,  the  more,  apparently,  does  the  osazone  ci-ystal 
deviate  from  the  acicular  form  belonging  to  the  osazone  derived  from 
glucose. 

The  suggestion  arising  out  of  these  considerations  is  that  probably 
modifications  of  sugar  exist  beyond  those  which  are  now  definitely 
recognised  and  described,  and  that  the  initial  product  cleaved  off 
from  proteid  matter  by  the  action  of  sulphuric  acid  is  more  or  less 
widely  removed  from  glucose,  but  becomes  progressively  carried 
towards  it  by  prolongation  of  the  action. 

Doubtless  much  remains  to  be  learnt  regarding  the  extent  to  which 
varying  molecular  combinations  may  occur  to  produce  different 
varieties  of  sugar.  Just  as  cane  sugar  may  be  conceived  to  be  con- 
stituted of  a  linking  together  of  a  dextrose  group  and  a  laevulose 
group  (with  concuiTcnt  dehydration)  ;  maltose,  of  a  linking  of  two 
dextrose  groups ;  milk  sugar,  of  a  dextrose  group  and  a  galactose 
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group;  and  raffinose,  of  three  different  glucoso  groups — dextrose, 
laeyulose,  and  galactose  :  so  there  possibly  may  be  other  Unkings  of 
sugar  groups  of  different  degrees  of  hydration  and  in  varying  mult- 
iple proportions,  giving  rise  to  a  large  extension  of  the  varieties  of 
sugar  beyond  those  at  the  present  time  particularised  by  chemists. 

A  foundation  for  this  hypothesis  is  presented  by  the  view  enter- 
tained by  authorities  of  eminence  with  regard  to  what  occurs  in  the 
successive  steps  of  hydrolysis  attending  the  transformation  of  starch 
into  maltose.  Amylodextrin,  for  instance,  is  spoken  of  as  a  body 
consisting  of  one  maltose  (O12H22O11)  group  linked  with  six  amylose 
(CijH2oOio)  groups,  and  maltodextrin  as  a  body  consisting  of  one 
maltose  group  linked  with  two  amylose  groups. 

After  the  requisite  exposure  to  heat  has  been  completed,  the  sulph- 
uric acid  employed  is  nearly  neutralised  by  baryta,  and  neutralisa- 
tion finished  off  with  barium  carbonate.  The  liquid  is  then  brought 
to  the  bulk  required,  and,  after  the  addition  of  phenyl-hydrazine  and 
acetic  acid,  is  heated  on  the  water-bath  for  at  least  an  hour.  Crystals 


Osazone  crystals  from  cleavage  sugar  obtained  from  egg  albumin  by  direct  action 
of  sulphuric  acid,  after  limited  extent  of  action.    Magnified  400  diameters. 
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ai-e  found  to  make  their  appearance,  sometimes  whilst  on  the  water- 
bath,  but  more  frequently  not  till  cooling  commences,  and  to  go  on 
separating  out  for  some  hours  afterwards.  If  the  hot  solution  is 
poured  into  a  cool  glass  the  crystals  fall  in  quite  a  shower-like 
manner. 


Osiizor.c  cn  stuls  i'roiu  cloavago  sugui  obtained  I'roiii  egg  albumin  by  direct  action 
of  sulphuric  acid,  after  more  prolonged  action.    Magnified  400  diameters. 


From  the  osazone  obtained  the  sugar  is  susceptible  of  recovery  by 
following  the  procedure  described  by  Fischer.  The  osazone  crystals 
are  collected  on  a  glass-wool  filter,  washed  with  water,  and  dried. 
They  are  then  treated  with  a  little  strong  hydrochloric  acid  (sp.  gr. 
1'19),  quickly  wai-med  to  40°  C,  at  which  temperature  the  mixture  is 
kept  for  one  minute,  next  cooled  to  25°  C.,  and  then  allowed  to  stand 
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for  ten  minutes.  The  phenyl-hydrazine  hydrochloride  which  has 
been  formed  is  now  separated  by  filtration  through  glass  wool,  and  is 
washed  on  the  filter  v/ith  a  little  concentrated  hydrochloric  acid. 
The  filtrate  contains  a  body  corresponding  with  the  glucosone 
described  by  Fischer.  For  the  separation  and  purification  of  this 
body,  the  acid  is  first  neutralised  with  lead  carbonate,  and,  after  filtra- 
tion, the  liquid  treated  with  animal  charcoal.  Excess  of  baryta-water 
is  next  added,  the  glucosone-like  body  being  thereby  thrown  down  in 
combination  with  lead  hydrate,  from  which  it  is  subsequently  separ- 
ated by  the  employment  of  dilute  sulphuric  acid.  After  the  excess 
of  sulphuric  acid  has  been  removed  with  barium  carbonate,  the 
liquid  is  concentrated  to  a  syrup  by  evaporation  at  a  low  tempe- 
rature. The  body  thus  separated  has  the  capacity,  like  sugar,  of 
uniting  with  phenyl-hydrazine,  and  the  following  is  a  representa- 
tion of  osazone  crystals  obtained  from  it. 


Osazone  crystals  from  the  intermediate  body  obtained  in  the  process  of  recovery  of 
sugar  from  the  cleavage-sugar  osazone.    Magnified  400  diameters. 

From  the  intermediate  body  sugar  is  obtained  by  reduction  with 
zinc-dust  and  acetic  acid.    The  recovered  sugar  is  found,"after 
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removal  of  the  zinc  present,  to  give  a  clean  and  definite  reaction 
with  the  copper  test,  attended  with  a  distinct  deposition  of  red 
oxide  particles.  It  also  yields  an  osazone  with  phenyl-hydrazine. 
The  following  is  a  photo-engraving  from  a  micro-photograph  of 
crystals  so  obtained. 


Osazone  t-i-^sLaU  iroui  sugar  rofovercd  from  cloavago-sugiir  osiizoiie.  Magnified 

400  diameters. 

The  melting  point  of  an  osazone  gives  information  which  renders 
assistance  in  the  identification  of  its  sugar.  I  have  conducted 
several  observations,  with  the  view  of  determining  the  melting  point 
of  the  osazone  from  flio  cleavage  sugar  from  proteid  matter,  and 
find  that  it  may  bo  stated  to  stand  at  about  189 — 190°  C.  It  thus 
more  closely  approaches  the  melting  point  of  galactosazone 
(190—193°  C.)  than  that  of  glucosazone  (205"  C). 

From  what  has  preceded,  it  will  be  perceived  that  the  phenyl- 
hydrazine  test  has  proved  of  immense  value  in  the  pursuit  of  the 
investigation  which  has  revealed  the  glucoside  constitution  of  proteid 
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matter.     It  lias  not  only  served  to  corroborate  tlie  indications  of 
the  copper- redaction  test,  but  has  pi-oved  susceptible  of  application 
where  this  test,  from  the  presence  of  interfering  matter,  has  not  been 
satisfactorily  available.     For  instance,  the  product  from  the  dii"ect 
action  of  sulphuric  acid  upon  albumin,  when  treated  with  the  copper 
test,  gives  no  reaction  from  which,  taken  alone,  any  reliable  in- 
formation could  be  drawn.    From  the  biuret  reaction  produced  by 
the  peptonoid  matter  present  a  masking  influence  is  exerted,  and 
the  ammonia  generated  interferes  with  the  deposition  of  sub- oxide. 
Witli  the  knowledge  supplied  through  the  phenyl-hydrazine  reaction 
it  is  not  difficult  now  to  recognise,  notwithstanding  the  obscuring 
effect  of  the  biuret  reaction,  that  a  reduction  of  the  copper  test  in 
reality  occurs.    What  is  observed  is  that  the  blue  colour  imparted 
by  the  test  liquid  is,  on  boiling,  removed,  without  the  formation  of 
any  precipitate.    That  this  disappearance  of  colour  is  actually  due 
to  reduction  is  shown  by  the  return  of  colour  which  occurs  from 
re-oxidation,  when  the  contents  of  the  tube  are  well  shaken  in  con- 
tact with  air  and  allowed  to  stand;  and,  further,  by  the  fact  that, 
under  prolonged  boiling,  the  ammonia  produced  may  be  so  far  dis- 
sipated that  the  depo.sition  of  a  certain  amount  of  rediiced  oxide  is 
permitted  to  take  place.    Had  it  not  been  for  the  masking  action 
of  peptonoid  matter,  to  which  I  have  been  referring,  I  venture  to 
think  that  the  liberation  of  sugar  from  proteid  matter,  looking  at 
the  simple  and  easy  manner  in  which  it  is  brought  about  by  the 
agency  of  siTlphuric  acid,  would  long  ere  now  have  stood  in  the 
position  of  an  established  fact. 

Cleavage  of  Carholiydrate  from  Proteid  Matter  hy  Dlgedwe 
Ferment  Action. 

Another  means  can  be  shown  to  exist  whereby  the  cleavage  of 
carbohydrate  from  proteid  matter  can  be  effected.  By  alkalis  it  is 
cleaved  off  in  a  form  devoid  of  cupric  oxide  reducing  power,  and 
likewise  of  the  property  of  producing  an  osazone  on  treatment  with 
phenjl-hydrazine,  but  susceptible  of  acqu.iring  these  properties 
thi'ough  the  converting  influence  of  sulphuric  acid.  By  sulphuric 
acid,  applied  direct,  the  carbohydrate  is  libei-ated  in  the  form  of  a 
reducing  sugar.    Bj'  the  agency  of  proteolytic  ferment  action  the 
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same  effect  is  produced  as  by  sulplmi'ic  .acid,  and  we  have  here  a 
point  of  much  physiological  importance  presented.  Purified  egg 
albumin  yields,  under  pepsin  digestion,  a  product  which  gives  charac- 
teristic osazone  crystals  with  phenyl-hydrazine.  In  conducting  the 
experimental  work  upon  which  this  statement  is  based,  I  found  that 
precautions  require  to  be  taken  to  secure  that  no  f.allacy  is  allowed 
to  creep  in.  In  the  first  place,  the  sagar  of  the  egg  albumin  should 
be  thoroughly  removed  by  successive  extractions  Avith  boiling  water, 
or — what  is  better — by  pi'ecipitating,  in  the  first  instance,  with 
boiling  alcohol,  and,  afterwards,  successively  extracting  with  boiling 
water  and  alcohol ;  and,  in  the  next  place,  it  must  be  ascertained 
that  the  pepsin  employed  does  not  contain  imparity,  as  many  samples 
of  pepsin  do,  to  constitute  a  source  of  osazone  production. 

Now,  the  result  of  experimenting  with  egg-albumin,  which  has  been 
thoroughly  deprived  of  free  sugar,  and  pepsin,  which,  taken  alone 
and  exposed  to  contact  with  the  acid  as  a  counterpart  experiment, 
gives  a  negative  result,  is  that  osazone  crystals  are  obtained.  Before 
concluding,  however,  tliat  these  crystals  are  derived  from  cleavage 
effected  actually  by  digestion,  another  counterpart  experiment  requires 
to  be  performed,  consisting  in  the  exposure  of  the  egg  albumin  to 
contact  with  the  acid  and  water  withoiit  the  addition  of  tlie  pepsin. 
Treatment,  it  is  found,  of  the  product  of  this  procedure  with  phenyl- 
hydrazine  yields  no  crystals  of  osazone,  thus  proving  that  tlie  acid 
alone  is  not  the  operative  agent.  Indeed,  witli  a  strength  of  acid  of 
only  0'2  per  cent,  and  exposure  to  the  moderate  temperature  required 
for  digestion,  uo  effect  from  the  acid  alone  could  be  reasonably 
looked  for. 

From  the  evidence  presented  it  is  thus  permissible  to  conclude  that 
in  the  process  of  digestion  the  carbohydrate  constituent  of  the  protcid 
molecule  is  set  free,  and  it  will  be  noticed  that  it  presents  itself  to  our 
view  under  the  form  of  sugar.  Subjoined  is  a  photo-engraving  of  a 
micro-photograph  of  osazone  crystals  given  by  the  cleavage  sugar 
arising  from  the  digestion  of  egg  albumin.  Digestion  was  allowed 
to  proceed  for  S},  hours  at  54°  C,  the  albumin  in  the  coagulated, 
dried,  and  pulverised  state  in  which  it  was  used  proving  very 
resistant  to  digestive  solution. 
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Osazone  crystals  from  the  cleavage  sugar  given  by  digesting  10  grams  egg  albumin 
with  0"4  gram  pepsin  and  100  c.c.  of  0'2  j)er  cent,  hydrochloric  acid.  Magni- 
fied 400  diameters. 

Conclusion  from  Array  of  'Evidence  presented. 

From  what  has  preceded  it  is  seen  that  a  cleavage  product  is  in 
different  ways  obtainable  from  proteid  matter  which  pos.sesses 
characters  presenting  the  closest  points  of  identity  with  those  of 
sugar.  The  reaction,  especially,  which  it  gives  with  phenyl- 
hydrazine,  embracing  not  only  the  crystalline  form  and  mode  of 
separating  out  of  the  osazone  obtained,  but  also  the  manner  in  which 
it  subsequently  behaves,  affords  the  strongest  presumptive  evidence 
that  sugar  is  present.  There  can  be  no  doubt  about  the  fact  that  an 
osazone  is  prodaced,  and,  with  the  knowledge  that  we  possess 
regarding  the  derivation  of  osazones,  it  is  not,  it  may  be  considered, 
permissible,  under  the  whole  circumstances  of  the  case,  to  look  to 
anything  else  than  sugar  as  the  source  of  the  osazone  given  hj  the 
cleavage  product  from  proteid  matter. 

The  negative  evidence,  based  upon  optical  inactivity  and  non- 
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fermentability,  cannot  be  considered  to  invalidate  the  positive 
evidence  that  is  adducible. 

Optical  activity  is  a  property  in  connexion  Avith  ■which  ranch 
divei'sity  exists,  some  sugars  being  dextro-rotatorj',  others  Ifevo- 
I'otatory,  others  inactive,  from  the  neutralising  effect  of  the  presence 
of  varieties  with  opposite  rotatoi'y  powers,  and,  again,  others  abso- 
lutely inactive,  and  not  to  be  resolved  into  component  active  sngnrs. 
Further,  a  sugar  -with  rotatory  power  in  one  direction  is  susceptible 
of  being  converted  into  a  sugar  with  a  rotatory  power  in  the  opposite 
direction,  as  is  exemplified  by  the  convertibility  of  dextrose  into 
IfBvnlose  (Fischer). 

Fermentability  is  a  property  similarly  circumstanced  with  regard 
to  divei'sity.  Sugars,  it  is  known,  exist,  even  amongst  the  glucoses, 
which  are  not  fermentable,  and  it  may  happen  that  one  form  of  a 
particular  group  having  one  kind  of  optical  activity  is  fermentable, 
whilst  another  form,  with  an  opposite  kind  of  optical  activity,  is 
not.  For  instance,  ordinary  Icevulose,  which  is  lasvo-rotatory,  fer- 
ments, whilst  a  dextro-rotatory  fonn  of  Irevulose  which  has  been 
artificially  obtained  is  not  fermentable.  A  similar  difference  is 
o.bservable  in  the  dextrose  group,  the  ordinary  or  dextro-rotatory 
form  of  dextrose  being  fermentable,  whilst  the  Issvo-rotatory  form  is 
not  (Fischer).  Whatever  may  subsequently  prove  to  be  attainable, 
it  is  not  contended  that  the  sugar  from  proteid  matter  has  yet  been 
brought  into  the  form  of  glucose — indeed,  the  evidence  is  to  the 
effect  that  it  has  not.  If,  therefore,  so  resistant  to  passage  into 
glucose,  there  is  nothing  surprising  in  its  being  resistant  to  the  fer- 
menting influence  of  yeast. 

Whilst  the  recognition  of  the  glucosidc  constitution  of  proteid 
matter  was  entirely  founded  upon  the  information  drawn  from  its 
subjection  to  disintegration,  the  information  derivable  from  the 
opposite  consideration  fits  in  and  supplies  confirmatory  tesiimony. 
It  will,  in  what  immediately  follows,  be  shown,  upon  irrefutable 
grounds,  that  in  the  construction  of  proteid  matter  by  the  synthetic 
power  of  protoplasmic  chemistry,  carbohydrate  matter  is  a  partici- 
pating agent.  If  carbohydrate  matter  thus  enters  into  the  construc- 
tion of  the  proteid  molecule,  it  only  stands  in  harmony  y,  ith  what 
might  be  expected,  that  it  .should  be  susceptible  of  being  again 
liberated  with  the  occurrence  of  disintegi-ation, 


GLUCOSIDE  CONSTITUTION  OF  PKOTKIl)  MATTER. 


53 


Syiitluiic  Furmation  of  Proteids  by  the  Incorporation  of  Carloltydrate 

with  other  Matter. 

I  will  pass  now  to  tlie  consideration  of  the  mode  of  origin  of  jjro- 
teid  matter,  and  as  we  proceed  it  will  be  found  that  what  has  to  be 
stated  gives  support  to  the  view  concerning  its  constitution  that  I 
have  enunciated  upon  the  strength  of  results  yielded  by  analytical 
investigation.  It  will  be  of  advantage,  as  a  preliminary  step,  to  see 
what  light  is  thrown  upon  the  matter  by  the  artificial  production  of 
glucosides. 

Various  glucosides  have  been  artificially  produced.  Berthclot 
found  that  when  glucose  is  heated  for  a  number  of  hours  at 
100 — 120"  C.  in  contact  with  acetic,  butyric,  and  other  organic  acids, 
the  two  enter  into  direct  combination,  with  an  elimination  of  the 
elements  of  water.  From  the  synthesised  compounds  thus  obtained 
the  carbohydrate  may  be  again  split  off  by  heating  with  an  alkali, 
and  it  is  interesting  to  note  that  it  reappears,  not  as  glucose  (CeHijOo), 
but  in  a  state  of  diminished  hydration,  viz.,  as  glucosan  (CuHmOs). 
In  fact,  an  illustration  is  here  afforded,  not  only  of  the  production  of 
a  glucoside  by  the  incorporation  of  a  carbohydrate  with  another 
body,  but  also  of  the  subsequent  separation  of  the  carbohydrate  in  a 
modified  form. 

If  we  look  now  to  the  production  of  proteid  matter  by  the  syn- 
thesising  action  of  living  protoplasm,  we  meet  with  evidence  unmis- 
takably showing  that  the  production  may  arise  from  the  combination 
of  carbohydrate  with  elements  derived  from  nitrogen-  and  sulphur- 
containing  compounds. 

The  facts  connected  with  the  growth  of  the  yeast  cell  may  be 
adduced  in  substantiation  of  what  has  been  stated.  Life  is  hej'c 
carried  on  in  so  simple  a  manner  that  it  is  not  cjifficult  to  express  in 
precise  terms  the  phenomena  that  occur,  and  the  conditions  as  regardti 
materials  supplied  for  growth  may  be  so  arranged  as  to  furnish  a 
demonstration  of  the  application  of  carbohydrate  to  tlie  construction 
of  proteid. 

As  Pasteur  sliowed,  many  years  back,  yeast  cells  freely  multiply  in 
a  medium  containing  sugar,  ammonium  tartrate,  and  the  ash  of 
yeast  The  growth  that  here  takes  place  implies  a  growtli  of  cell 
protoplasm,  and  with  it  a  corresponding  formation  of  proteid  matter, 
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the  only  source  foi*  whicli  is  tlie  group  of  principles  contained  in  the 
surrounding  medium.  Although  it  may  be  reasonably  inferred  that 
the  carbon,  and  the  hydrogen  and  oxygen,  of  the  sugar  contribute  to 
the  formation  of  the  proteid,  the  proof  of  such  being  the  case  is  not 
absolute,  seeing  that  all  tlie  elements  in  question  are  contained  in  the 
tartaric  acid  of  the  ammoniam  tartrate.  It  is  possible,  however,  to 
supply  a  medium  in  which  the  growth  will  similarly  take  j^hice,  and 
which  contains  no  carbon  compound  except  the  sugar.  Such  a 
medium  is  mentioned  by  Sachs*  as  having  been  devised  by  Adolf 
Mayer,  and  is  stated  to  consist  of  water,  sugar,  ammonium  nitrate  (in 
place  of  the  ammonium  tartrate  of  Pasteur's  liquid),  acid  potassium 
jihospliate,  tribasic  calcium  phosphate,  and  magnesium  sulphate. 
When  yeast  is  grown  in  this  medium,  it  is  self-evident  that  the  whole 
of  the  cai'bon  required  to  form  proteid  must  be  derived  from  the 
sugar.  The  example  thus  affords  incontrovertible  testimony  that 
carbohydrate,  in  the  presence  of  the  other  requisite  matter,  con- 
tributes, under  the  influence  of  the  chemical  power  with  which 
living  protojilasm  is  endowed,  to  the  construction  of  proteid. 

The  nitrogen  supply  needed  for  co-operating  with  the  carbohydrate 
in  the  production  of  proteid  may,  as  we  have  seen,  be  derived,  in  the 
case  of  the  growth  of  a  sini])le  organism  like  the  yeast  cell,  from  even 
an  inorganic  source.  In  the  higher  vegetable  organisms,  whei'e 
nutrient  substances  have  to  be  transported  to  distant  seats  of  utilisa- 
tion, the  nitrogen  is  supplied  in  a  raoi-e  elaborated  form — very 
generally,  it  Avould  appear,  in  the  form  of  what  is  called  asparagin,  a 
crystallisable,  diffusible  principle,  allied  as  an  amido-compound  in 
constitution  to  leucin  and  tyrosin,  and,  like  these  principles,  sus- 
ceptible of  taking  origin  from  the  splitting  up  of  proteid  matter. 
Asparagin  is  found  widely  diffused  through  the  vegetable  kingdom. 
It  is  recognised  by  vegetable  physiologists  as  a  factor  extensively 
concerned  in  the  formation  of  pi'oteid  by  combination  with  carbo- 
hydrate matter  and  the  sulphur  of  a  sulphur-containing  body.  It  is 
especially  to  be  found  in  the  growing  parts  of  plants,  and  appears  to 
be  formed  from  stored  nitrogenous  material  as  a  jn'inciple  adapted 
for  transportation  from  the  seats  of  reserve  to  those  of  active  meta- 

*  'LeciiiiTS  on  the  riiysiologv  of  Plants,'  by  .liiliiis  von  Sachs,  translated  by 
II.  Murshull  Wind,  p.  383:  Claivndon  Press,  Oxloid,  1887. 
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bolic  change,  where  a  re-combination  with  carbohyrdate  matter  is 
asserted  to  take  place. 

The  view  represented,  implying  the  joint  participation  of  asparagin 
and  carbohydrate  in  proteid  formation,  is  founded  upon  observations 
which  show  that  when  the  conditions  are  such  as  to  permit  of  carbo- 
hydrates being  present  in  abundance  no  asparagin  is  to  be  found  at 
the  seat  of  growth,  whilst,  if  means  are  taken  to  limit  tlieir  supply, 
as,  for  instance,  by  experimenting  with  slips  groAvn  in  the  dark  or 
with  the  exclusion  of  carbonic  acid,  asparagin  is  to  be  readily  detec- 
ted. It  can  subsequently  be  made  to  disappear  by  exposing  the 
shoots  to  strong  light,  and  the  disappearance  is  coincident  with  the 
formation  of  carbohydrates  on  the  one  hand,  and  the  production  of 
proteid  matter  on  the  other.  The  natural  conclusion  to  be  arrived  at 
is  that  the  asparagin  combines  with  the  carbohydrate  and  becomes 
used  up  in  contributing  to  the  formation  of  proteid  matter. 

Proteid  Matter  and  the  Deposition  of  Carhohydrate  in  the  Vegetable 

Organism. 

I  have  spoken  of  the  participation  of  carbohydrate  in  the  construc- 
tion of  proteid  matter.  I  will  now  pass  to  the  consideration  of  the 
converse  aspect  of  the  question  and  speak  of  its  splitting  ofE  from 
proteid  matter  as  an  occurrence  connected  with  the  operations  of  life. 
It  is  noticeable  that  starch,  cellulose,  glycogen,  &c.,  are  deposited  in 
the  interior  of  the  living  cells  of  growing  parts  without  having  pre- 
existed as  such.  There  is  no  doubt,  it  may  be  considered,  that  they 
are  derived  from  sugar  conveyed  to  the  part  in  the  juices  of  the  plant. 
It  is  possible,  it  must  be  admitted,  that  they  may  take  origin  by  direct 
transmutation  of  this  sugar  through  an  influence  exerted  upon  it  by 
living  protoplasm,  but  it  has  been  suggested  as  more  probable  that 
their  production  is  the  result  of  changes  in  tke  protoplasm  itself. 
Sachs,  after  contending  that  the  processes  of  primary  starch  forma- 
tion by  the  chlorophyll  corpuscles  and  secondary  starch  deposition  by 
the  protoplasmic  starch-forming  corpi^scles  from  pre-existing  sugar 
are  carried  out  in  essentially  the  same  way,  writes  as  follows*  with 
reference  to  the  foi'mer  : — "  It  is,  indeed,  not  impossible  that  certain 
more  immediate  constituents  of  the  green  plasma  itself  take  part  in 

*  Loc.  cit.,  pp.  317—318. 
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the  process — that  clecompositious  and  substitutions,  for  example, 
take  place  in  the  molecules  of  the  green  protoplasm.  This  possibility 
obtains  some  probability  from  the  observation  that  in  many  (not  all) 
cases  the  chlorophyll  substance  gradually  decreases  in  quantity  and 
at  length  disappears  entirely,  while  the  stai-ch-grains  are  growing  in 
it."  .  .  .  "I  hold  it  as  probable  that  in  this  process  the  proteid 
substance  of  the  assimilating  chlorophyll  itself  co-operates  and  under- 
goes a  change." 

The  purport  of  what  is  here  said  is  that  proteid  plays  a  partici- 
pating part  in  the  process  of  deposition  of  carbohydrate  as  fabric  and  as 
store  material — cellulose,  starch,  &c.  It  is  true,  the  grounds  of  reason- 
ing, as  yet  within  our  reach,  do  not  supply  the  tangible  evidence  of  the 
splitting  off  of  carbohydrate  from  proteid  matter  by  disruptive  meta- 
bolism that  is  supplied  of  its  entry  by  the  exercise  of  constructive 
metabolism.  Viewing  all  the  circumstances,  however,  it  is  pardon- 
able to  surmise  that  the  one  stands  as  a  natural  corollary  to  the  other. 
Cai'bohydrate  is  a  co-operating  factor  in  the  construction  of  proteid. 
It  is  deposited  in  a  foim  diifei'ent  from  that  in  which  it  reaches  the 
seat  of  deposition — a  form,  even,  Avhich  may  be  said  to  present  a 
semblance  of  organised  sti-ncture,  and  it  is  undoubtedly  through  the 
agency,  and  only  through  the  agency,  of  proteid  as  living  protoplasm 
that  the  deposition  is  effected. 

With  all  this,  the  discovery,  arrived  at  quite  independently  by 
analytical  manipulation,  of  the  glucoside  constitution  of  ])roteid 
matter  agrees,  and  even  might  natui-ally  be  expected  to  follow.  It 
supplies  just  the  link  that  is  wanted  to  fit  in  with  the  other  links 
and  complete  the  chain. 

Under  the  view  set  forth,  proteid  matter,  through  its  glucoside  con- 
stitution,  becomes  of  functional  import  in  a  manner,  and  to  an  extent, 
not  hitherto  definitely  thought  of.  That  its  carbohydrate  should  be 
susceptible  of  cleaving  off  under  exposure  to  certain  influences  (it 
nuiy  be  considered  tliat  ferment  agency  constitutes  one  of  them)  is 
only  in  accord  with  the  condition  that  is  known  to  exist  in  the  case 
of  other  glucosides. 

The  cellulose,  starch,  &c.,  deposited  as  above  represented,  are  in  a 
lower  state  of  hydration  than  tlie  sugar  reaching  the  seat  of  the 
deposition.  The  position  may  or  may  not  be  analogous,  but  in  any 
case  it  is  an  interesting  circumstance  that  the  carbohydrate  derivable 
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from  artificial  glucosides  is,  as  i  have  previously  stated  (p.  53), 
similarly  of  a  less  liydrated  form  than  the  sugar  employed  in  their 
construction. 

These  considerations,  drawn  from  vegetable  physiology,  will  be 
found  later  on  to  render  service  in  studying  the  relations  of  carbo- 
hydrate matter  in  the  animal  system. 
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A  DESCRIPTION  requires  now  to  be  given  of  the  mctbods  which  ex- 
perience shows  to  be  necessary  for  effecting  the  recognition  and 
estimation  of  the  different  carbohydrates  which  may  be  present  in 
animal  products.  It  is  obvious  that  these  products  are,  without  pre- 
paration, not  in  a  fit  state  for  examination,  and  before  any  tests  can 
be  applied,  it  is  necessary  to  obtain  suitable  liquids  for  the  purpose. 
This  preliminary  treatment  must  be  conducted  in  such  a  manner  as 
to  be  unattended  with  a  destruction  of  carbohydrate,  or  with  a  change 
in  the  nature  of  the  carbohydrate  beyond  such  intentional  change  as 
conversion  into  glucose. 

Where  it  is  simply  required  to  detect  the  presence  of  sugar,  with- 
out reference  to  its  nature  and  amount,  a  process  of  aqueous  extrac- 
tion may  be  resorted  to  for  obtaining  a  liquid  for  testing.  Thus,  for 
instance,  by  boiling  the  product  with  a  sufiBcient  quantity  of  sodium 
sulphate  crystals  or  by  boiling  after  exact  neutralisation  with  acetic 
acid,  the  colouring  and  albuminous  matters  are  completely  separated, 
and  a  perfectly  clear  and  colourless  liquid  containing  the  sugar  is 
obtained. 

This  method  is  an  excellent  one  for  purposes  of  qualitative  testing, 
but  it  is  inappropriate  for  use  where  it  is  required  to  ascertain  the 
nature  and  (ixnless  the  nature  is  previously  known)  the  amount  of 
the  sugar  existing.  For  obtaining  this  information  it  is  necessary  to 
determine  the  cupric  oxide  reducing  power  of  the  product  in  its 
initial  state,  and  again  after  subjection  to  the  glucose-forming 
influence  of  sulphuric  acid.  With  an  aqueous  extraction,  figures 
due  to  the  presence  of  carbohydrate  matter  other  than  sugar  would 
be  given  after  treatment  with  sulpliuric  acid,  and  error  would  thus 
be  introduced  into  tnc  result.  On  this  account  an  agent  like  alcohol, 
which  takes  up  sugar  but  not  the  other  carboliydrate  matter,  must,  as 
will  be  presently  more  particulai-ly  mentioned,  be  employed  for  the 
purpose  of  extraction.  If  the  material  present  is  known  to  consist 
of  glucose  or  any  other  particular  form  of  sugnr,  a  simple  deter- 
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minationof  its  cupric  oxide  reducing  power,  witlioufc  the  employment 
of  acid,  will  suffice  for  ascertaining  its  amount;  and  the  sodium  sulph- 
ate method,  as  affording  an  easier  and  more  speedy  process,  may  then 
be  made  use  of  for  obtaining  a  liquid  for  quantitative  examination. 
The  following  is  a  description  of  the  procedure  in  this  case  to  be 
adopted,  where  blood,  taken  as  an  example,  is  the  product  dealt  with. 

About  40  grams  of  sulphate  of  soda  in  small  crystals  are  weighed 
out  in  a  beaker  or  capsule.  About  20  c.c.  of  the  blood  intended  for 
analysis  are  then  poured  upon  the  crystals,  and  the  beaker  and  its  con- 
tents again  weighed.  In  this  manner  the  weight  of  the  blood  taken  is 
ascertained.  The  blood  and  crystals  are  well  stirred  together  with  a 
glass  rod,  and  about  30  c.c.  of  a  hot  concentrated  solution  of  sulphate 
of  soda  added.  The  vessel  is  placed  over  a  flame  guarded  by  wire 
gauze,  and  the  contents  heated  till  a  thoroughly  formed  coagulum  is 
seen  to  be  suspended  in  a  clear,  colourless  liquid,  to  attain  which 
actual  boiling  for  a  short  time  is  required.  The  liquid  is  next  to  be 
separated  from  the  coagulum.  This  is  done  by  straining  through  a 
piece  of  muslin  resting  in  a  funnel.  Some  of  the  hot  concentrated 
solution  of  sodium  sulphate  is  then  poured  on  the  coagulum,  well 
stirred  up  with  it,  and  the  whole  thrown  on  the  piece  of  muslin. 
The  coagulum  is  squeezed,  and,  to  secure  that  no  sugar  is  left  behind, 
is  returned  to  the  beaker,  and  the  process  of  washing  and  squeezing 
repeated. 

The  somewhat  turbid  liquid  is  next  thoroughly  boiled,  and  then 
filtered  through  filter  paper,  when  a  perfectly  clear  filtrate  is 
obtained.  The  washing  of  the  beaker  and  filter  with  the  hot  concen- 
trated solution  of  sodium  sulphate  completes  the  process  of  pre- 
paration. The  liquid  yielded  is  in  an  excellent  condition  for  the 
quantitative  determination  of  the  sugar,  by  either  of  the  methods, 
gravimetric  or  volumetric,  presently  to  be  described. 

The  process,  as  I  have  already  stated,  is  only  suitable  for  applica- 
tion where  the  nature  of  the  sugar  present  is  known.  Where  its 
nature  is  not  known,  a  single  determination,  on  account  of  the  dif- 
ferent degrees  of  cupric  oxide  reducing  power  possessed  by  the 
various  sugars,  suffices  only  to  reveal  the  amount  of  reducing  power 
belonging  to  the  product,  there  being  nothing  to  show  whether  this 
is  representative  of  a  certain  amount  of  glucose  or  a  larger  quantity 
of  some  bjdy  or  bodies  of  lower  cupric  oxide  reducing  power. 
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To  acquire  information  regarding  the  nature  of  the  material,  a 
method  of  extraction  must  be  resorted  to  which  will  admit  of  the 
sugar  being  obtained  free  from  admixture  with  other  carbohydrate 
matter  (glycogen,  &c.).  By  means  of  alcohol  tlie  desired  separation 
is  effected,  the  sugar  being  taken  up  in  solution,  whilst  the  other 
carbohydrate  matter  remains  in  the  coagulated  residue.  The  extractctl 
carbohydrate  being  subsequently  subjected  to  the  converting  influence 
of  sulphuric  acid,  the  determination  of  its  cupric  oxide  reducing 
power,  both  before  and  after  this  treatment,  affords  an  insight  into 
the  natui'e  of  the  sugar  present.  If  the  two  I'esults  coincide,  the 
existence  of  glucose  is  indicated.  If  the  figui-es  yielded  by  the  fix'st 
determination  are  lower  than  those  given  by  the  second,  it  is  indicative 
of  the  existence  of  a  body  or  mixture  of  bodies  of  lower  cupric  oxide 
reducing  power  than  glucose. 

A  single  determination  of  cupric  oxide  reducing  power  is  thus  of 
uo  actual  value,  unless  the  particular  form  of  sugar  present  is  known. 
A  failure  to  grasp  the  importance  of  this  fact  is  calculated  to  lead  to 
more  or  less  extensive  error  in  estimating  quantities  of  carbohydrates. 
Maltose,  for  instance,  has  a  reducing  power  of  only  61  as  compared 
Avith  tliat  of  glucose  taken  at  100.  Representative  solutions,  therefore, 
containing  respectively  61  parts  by  weight  of  glucose  and  lOU  j)arts  of 
maltose,  Avould  exert  precisely  the  same  cupric  oxide  i-educing  effect, 
and  would  appear,  as  the  result  of  a  single  determination,  to  contain 
equal  amounts  of  carbohydrate.  If  each,  however,  were  then  boiled 
witb  dilute  sulphiii'ic  acid  and  again  examined,  the  results  obtained 
would  be  widely  diH'ei-ent,  that  from  the  glucose-containing  liquid 
remaining  as  before,  Avhilst  the  figures  yielded  by  the  other  would 
show  a  proportional  advance  of  from  61  to  100.  In  the  case  of  a  low 
reducing  mixture  of  maltose  and  dextrin,  such  as  results  in  the  early 
stiiges  of  the  transformation  of  starch  and  glycogen,  the  error  arising 
from  i-eliance  on  a  single  determination  of  the  cupric  oxide  reducing 
action  would  be  considerably  greater,  ami  would,  therefore,  lead  to 
the  carbohydrate  being  estimated  at  a  mere  fraction  of  the  amount 
actually  present. 

The  details  of  the  j)rocess  of  sugar  extraction  by  means  of  alcohol, 
and  the  subsequent  ti'eatment  of  the  I'esidue  for  the  collection  and 
estimation  of  the  carbohydrate,  other  than  sugar,  obtainable  in  the 
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examination,  for  instance,  of  bloocl,  which  was  taken  as  an  example 
before,  are  as  follows  : — 

AboiTt  30  grams  of  defibrinated  blood  ai"e  poured  into  abont  400  c.c. 
of  alcohol.  Care  must  be  taken  that  the  spirit  employed  is  free 
from  impregnation  with  anything  capable  of  subsequently  exerting  a 
cupric  oxide  redncing  action.  Ordinary  methylated  spirit  may  be 
used  if  it  has  been  previonsly  redistilled.  Tf  any  doubt  is  felt  as  to 
its  character,  a  control  experiment  may  be  performed  with  a  portion 
of  spirit  to  which  blood  has  not  been  added. 

The  sugar  present  in  the  blood  passes  into  solution  in  the  alcohol. 
It  is  held,  however,  very  tenaciously  by  the  coagulated  mattei%  and 
requires  to  be  carefully  extracted  from  it  by  repeated  washing  and 
pressing.  The  blood  and  spirit  are  well  stirred  together,  and  it  ap- 
pears to  be  of  advantage  towards  obtaining  as  slightly  coloured  a 
product  as  possible  for  snbsequent  testing  to  allow  the  mixture  to 
stand  until  the  following  day.  After  being  exposed  for  a  time  to  the 
heat  of  a  water-bath,  for  the  purpose  of  promoting  the  agglomera- 
tion of  the  precipitate,  the  alcohol  is  strained  off  through  miislin 
which  has  been  previously  deprived  hj  thoi^ough  washing  with  boil- 
ing water  of  its  dressing  of  starchy  matter.  Washing  with  alcohol 
is  performed,  and  the  coagulum  in  the  muslin  is  subjected  to  forcible 
squeezing  in  a  suitable  press.  The  residue,  which  by  this  pi'ocess  is 
converted  into  a  dry  cake,  is  pulverised  in  a  mortar,  mixed  with  fresh 
spirit,  boiled  over  the  water-bath,  and  again  strained  and  pressed. 
The  process  is  repeated  once  more.  After  this  third  extraction,  the 
residue  may  be  considered  to  be  free  from  sugar,  an  aqueous  extract 
failing  to  exert  any  cupric  oxide  reducing  action. 

Two  extractions  Avith  alcohol  might  prove  sufficient,  if  carefully 
made,  but  it  is  safer  to  use  three.  After  the  first  extraction,  there 
is  evidence  that  a  considerable  quantity  of  sngar-'still  clings  to  the 
congulum.  This  is  rendered  apparent  by  the  following  results  of 
actual  observation.  Upon  one  occasion  50  c.c.  of  sheep's  blood  were 
extracted  with  alcohol  :  the  first  extract  contained  0  015  gram  of 
glucose,  the  second  0'004  gram,  and  the  third  no  definite  amount. 
Again,  some  sugar  from  diabetic  urine  was  added  to  sheep's  blood, 
and  50  c.c.  were  taken :  the  first  alcoholic  extract  was  found  to  con- 
tain 0'144!  gram  of  glucose,  the  second  0'009  gram,  and  the  third 
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nothing  dofinitp.  These  examples  suffice  to  show  the  necessity  of 
attention  being  given  to  secure  complete  extraction  of  the  sugar. 

The  three  alcoholic  extracts,  incorporated  together,  arc  now  acidified 
with  acetic  acid,  then  heated  to  near  the  boiling  point  over  the  water- 
bath,  and  finally  filtered  through  ordinary  filter-paper.  Whilst  the 
residue  on  the  filter  is  reserved  to  be  subsequently  dealt  with  in  con- 
junction with  the  bulk  of  residue  previously  collected,  the  filtrate  is 
evaporated  nearly  to  dryness  on  the  water-bath,  and  then  briskly 
boiled  with  a  few  ci'ystals  of  sulphate  of  soda  or  a  few  c.c.  of  its 
saturated  solution,  for  the  purpose  of  causing  the  colouring  and  fatty 
matters  to  agglomerate  so  as  to  be  easily  removed  by  filtration.  The 
liquid  is  filtered  off",  and,  to  avoid  the  inconvenience  of  the  crystallisa- 
tion that  may  take  place  when  a  filter-paper  is  used,  it  is  found  ad- 
vantageous to  have  recourse  to  filtration  through  a  plug  of  glass- 
wool.  The  beaker  and  filter  are  tlien  washed  with  tlie  hot  solution  of 
sulphate  of  soda.  Attention,  it  may  be  stated,  should  be  given  to 
secure  that  the  sulphata  of  soda  employed  is  free  from  any  admixture 
of  carbonate,  as  this  impurity  may  vitiate  tlie  result  by  exerting, 
through  its  alkalinity,  a  destructive  intiuonce  upon  the  sugar,  besides 
leading  to  the  production  of  a  moi'e  coloured  liquid  for  testing. 

The  filtrate  obtained  presents  the  product  of  alcoholic  extraction 
in  a  suitable  form  for  the  quantitative  determination  of  the  sugar.  It 
is  made  up  with  water  to  a  known  volume — conveniently  to  100  c.c. — 
and  then  divided  into  two  equal  portions.  One  portion  is  at  once 
examined,  and  its  cupric  oxide  reducing  power  ascertained.  The 
other  is  submitted,  after  the  addition  of  sulphuric  acid  to  the  extent 
of  2  per  cent.,  to  appropriate  treatment  foi'  the  conversion  of  the 
carbohydr.'ito  matter  present  into  glucose.  Another  determination  of 
cupric  oxide  reducing  power  is  subsequently  conducted,  in  order  that 
a  comparison  may  be  made  between  the  two.  As  a  preliminary  step, 
howevei',  the  neutralisation  of  the  sulphuric  acid  that  has  been  used 
rcqnires  to  be  effected.  For  this  purpose  a  strong  solution  of  caustic 
potash  is  employed,  and,  since  hot  potash  rapidly  destroys  glucose,  the 
liquid  product  must  first  bo  thoroughly  cooled,  and  precaution  taken 
to  add  the  potash  slowly  so  as  to  avoid  any  marked  rise  of  tempera- 
ture. The  liquid  is  then  brought  up  with  water  to  a  given  bulk  and 
filtered  through  a  dry  filler.  It  frccpuMitly  happens  that  more  or  less 
colour  appears  as  the  result  of  iicutialisiition,  and  sometimes,  after 
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standing,  a  certain  amount  of  coloured  matter  separates  out,  leaving, 
on  filtration,  the  liquid  in  a  mucli  better  condition  for  examinatioia. 

By  treatment  of  the  coagulated  residue  from  the  alcoholic  ex- 
traction, the  carbohydrate  other  than  sugar — carbohydrate  of  an 
amylose  nature — is  obtained,  and  the  process  to  be  adopted  is  the 
same  as  that  resorted  to  for  obtaining  and  estimating  the  glycogen 
of  the  liver,  viz.,  dissolving  by  meons  of  potash,  pouring  into  spirit, 
collecting  the  precipitate,  and  subjecting  it  to  the  inverting  action  of 
sulphuric  acid. 

The  residue  is  jalaced  in  a  flask  together  with  50  c.c.  of  a  10  per 
cent,  solution  of  potash.  It  is  important  that  the  material  should 
have  been  as  thoroughly  as  possible  reduced  to  a  minute  state  of 
subdivision,  in  order  to  secure  tliat  none  of  the  nitrogenous  matter 
escapes  the  action  of  the  potash  and  remains  in  a  state  to  give  I'ise, 
after  the  subsequent  treatment  with  acid  for  conversion  into  glucose, 
to  the  biuret  I'eaction  wdien  submitted  to  titration  with  the  copper 
solution.  It  is  of  advantage  to  allow  the  mixture  to  stand  for 
twenty-four  hours  in  the  cold,  as  greater  security  is  thus  given  of 
complete  solution  being  effected  by  tlie  thirty  minutes'  boiling  subse- 
quently resorted  to. 

To  prevent  concentration,  through  evaporation,  of  the  potash  solu- 
tion, and  the  possible  destruction  of  tlie  carbohydrate  in  the  process 
of  boiling,  the  operation  should  be  performed  in  a  flask  fitted  to  an 
inverted  condenser,  and,  in  order  to  escape  from  the  inconvenience 
arising  from  the  frothing  which  not  unfrequently  occurs,  a  large- 
sized  flask  is  required. 

The  50  c.c.  of  liquid  are  now  poured  into  about  500  c.c.  of  spirit  to 
separate  and  precipitate  the  carbohydrate  present.  With  a  smaller 
proportional  amount  of  spirit,  a  risk  is  incurred  of  the  precipitation 
being  incomplete.  By  setting  the  beaker  aside  ufltil  the  following 
day,  the  thorough  settlement  of  the  precipitate  is  promoted,  and  in 
this  way  the  subsequent  process  of  separation  by  filtration  facilitated. 

For  filtration,  a  plug  of  glass-wool  should  preferably  be  used. 
With  the  employment  of  filter  paper,  which  is  not  only  constituted 
of  cellulose,  but  is,  moreover,  sometimes  found  to  contain  starch,  a 
insk  of  error  is  incurred  through  the  possibility  of  glucose-forming 
matter  being  introduced  in  the  subsequent  remoA^al,  or  washing  off,  of 
the  precipitate, 
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The  precipitate  on  tlie  glass-wool  is  next  thoroughly  washed  with 
spirit,  and  the  g-lass-wool  plug  then  turned  into  the  beaker,  and  the 
funnel  washed  with  a  little  hot  water.  If  much  water  should  have 
been  required  for  washing  off  the  precipitate,  evaporation  should  be 
resorted  to  to  bring  the  bulk  down  to  about  50  c.c.  The  product, 
after  its  transfei'ence  to  a  suitable-sized  flask,  and  the  addition  of 
sulphuric  acid  to  the  extent  of  2  per  cent.,  is  submitted  to  the  action 
of  heat,  according  to  the  directions  given  further  on.  for  effecting 
conversion  into  a  cupric  oxide  reducing  sugar. 

A  certain  amount  of  undissolved  black  matter  is  usually  after- 
wards noticeable,  and  it  is  advisable  that  this  should  be  separated  by 
filtration,  before  proceeding  to  neutralisation.  Otherwise,  it  may  be 
taken  up  by  the  potash  employed,  and  interfere  with  subsequent 
titration  by  giving  a  more  deeply  coloured  product.  Tlie  filter  used 
should  be  small  enough  to  admit  of  being  thoroughly  washed  with- 
out unduly  increasing*  the  bulk  of  the  liquid.  The  acid  is  then 
neutralised  with  potash,  cautiously  added.  This  leads  to  a  furtheiv 
separation  of  matter  in  the  form  of  a  dark-coloured,  and  sometimes 
bulky,  sediment,  which  should  be  removed  by  filtration  through  a  dry 
filter  after  the  liquid  has  been  made  up  with  water  to  a  definite 
volume. 

The  amount  of  glucose  present  is  now  determined  by  titration  with 
the  ammoniated  cupric  test,  and  the  result  may  be  either  represented 
as  cai'bohydrato  expressed  as  glucose  or  brought  by  calculation 
into  glycogen — amylose  carbohydrate — figures.  The  equivalents  of 
glucose  and  the  amylose  gi-oup  of  carbohydrates  corresponding  with 
their  accepted  formnlse — CoHioOe  and  CcHmOj — are  respectively  180 
and  162,  giving  the  fraction  102/180,  or  0  9,  as  the  multiplier  for  the 
conversion  of  glucose  figures  into  glycogen  figures. 

Such  is  the  method  of  dealing  with  a  fluid  animal  product  like 
blood.  If  a  solid  oi-gan  or  tissue,  such  as  liver,  muscle,  <fec.,  is  being 
examined,  it  is  first  thoroughly  pounded  in  a  mortal-,  or  otherwise 
minutely  divided,  and  a  weighed  portion  placed  in  a  relatively  large 
quantity  of  alcohol  and  well  stirred  uj).  After  standing  for  twenty- 
four  hours,  the  alcohol  is  strained  off  through  muslin,  the  residue  is 
pressed,  and  the  extraction  and  pressing  twice  repeated  in  the 
maimer  already  described.  By  this  prooe.ss,  the  sugar  present  is 
tlioionghly  extracted,  and  separated   from  the  other  carboliydrate 


GLYCOGEN  AND  CLEAVAGE  CARBOHYDRATE. 


65 


matter,  which  remains  behind  in  the  residue.  The  alcoholic  extract 
and  the  residue  are  then  treated  as  in  the  case  of  blood,  for  procuring 
suitable  products  for  examination. 

Until  recent  investigation  taught  me  otherwise,  I  was  under  the 
impression  that  the  carbohydrate  matter  obtained  by  treatment  of 
the  residue  with  potash  consisted  simply  of  glycogen.  Where 
glycogen  is  present,  as  in  the  case  of  the  liver,  muscle,  and  certain 
other  constituents  of  the  organism,  it  enters,  it  is  true,  to  a  greater  or 
less  extent  into  the  result;  but,  as  I  have  shown  when  speaking  of 
the  glucoside  constitution  of  proteid  matter,  the  effect  of  the  action 
of  potash  upon  proteid  is  to  split  off  from  it  carbohydrate  material, 
which  passes  with  the  glycogen  that  may  be  present,  and  which, 
when  none  is  present,  I  formerly  took  erroneously  to  be  glycogen. 

The  carbohydrate  of  proteid  origin,  as  I  have  previously  men- 
tioned (pp.  36,  37),  offers  much  greater  resistance  than  glycogen  to 
the  converting  action  of  sulphuric  acid.  The  2  per  cent,  strength  of 
acid,  which  suffices  readily  to  carry  glycogen  fully  into  glucose,  fails 
with  the  body  in  question  to  do  more  than  give  it  about  half  the 
amount  of  cupric  oxide  reducing  power  that  is  given  to  it  by  acid 
of  10  per  cent,  strength,  and  even  with  acid  of  this  latter  strength  I 
consider  it  doubtful  whether  complete  conversion  into  glucose  is 
effected.  It  hence  happens,  in  the  case  of  this  cleavage  carbohydrate, 
that  if  the  reckoning  be  applied  to  it  that  is  applicable  in  the  case  of 
glycogen,  an  under-estimation  of  material  will  result  to  the  extent  of 
about  half  or,  it  may  be,  even  more. 

A  difficulty  is  obviously  created  by  this  cleavage  carbohydrate  in 
the  estimation  of  glycogen  as  a  constituent  of  the  components  of  the 
body.  As,  however,  the  amount  of  the  cleavage  material,  given  after 
the  employment  of  2  per  cent,  sulphuric  acid  as  representing  glucose, 
may  be  computed  to  stand  at  not  more  than  about  2  or  3  per  1000  of 
the  fresh  tissue  examined,  it  may  be  considered  that  where  glycogen 
is  present  to  any  significant  extent,  as  may  be  looked  for  to  be  the 
case  with  the  liver  and  some  other  structures,  the  error  introduced 
does  not  amount  to  anything  of  consequence. 

A  point  of  paramount  importance,  in  connexion  with  the  employ- 
ment of  sulphuric  acid  for  conversion  of  glycogen,  maltose,  &c.,  into 
glucose,  is  the  necessity  of  attention  being  given  to  secure  that 
the  sulphuric  acid  added  remains  as  free  acid  in  the  solution,  and  is 
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not  appropriated  in  neutralising  an  alkali,  or  in  displacing  a  weaker 
acid,  as  where  acetic  or  citric  acid  has  been  used  and  afterwards  neu- 
tralised in  some  earlier  stage  of  the  pi'ocess. 

As  regards  the  length  of  time  to  be  employed  For  conversion,  it 
may  be  stated  that  in  operating  upon  starch,  glycogen,  dextrin,  or 
maltose,  it  is  advisable,  in  order  to  be  quite  safe  that  full  conversion 
has  taken  place,  to  boil  for  an  hour  and  a  half,  though  probably  a 
shorter  time  may  in  reality  suffice.  An  inverted  condenser  must  be 
used  to  avoid  concentration  of  the  acid  liquid,  and  thereby  risk  of 
destruction  of  tbe  product. 

The  following  observations  may  be  introduced  to  show  the  extent 
of  transformation  met  Avith  after  boiling  with  2  per  cent,  acid  for 
successive  lengths  of  time. 

A  decoction  of  starch  boiled  with  aulphuric  acid  (2  per  cent,  strength) 
toith  the  employment  of  the  inverted  condenser,  and  10  ex.  removed  and 
analysed  at  the  undermentioned  periods : — 

Cupric  oxide  reducing  power, 
expressed  as  ghicose. 


r 


At  the  end  of  Obs.  1.  Obs.  2. 

i  hour   0-200  gram.      0-140  gram. 


i    „    0-380    „  0-248 

3 
4 


1 

2 

3 


0-620  „  0-264 

0-660  „  0-328 

0-660  „  0-350 

0-666  „  0-350 

0-660  „  0-350 


A  solution  of  maltose,  derived  from  the  action  of  saliva  upon  starch, 
similarly  boiled  with  sulphuric  acid,  and  10  c.c.  removed  and  analysed 
at  the  undermentioned  periods : — 

Cupric  oxide  reducing  power, 
At  the  end  of  expressed  as  ghicosc. 

5  minutes   0  025  gram. 

10      „    0-031  „ 

15      „    0-031  „ 

30    0-034  „ 

45      „    0-041  „ 

1  hour    0  041  „ 

U   0-041  „ 
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On  looking  at  the  above  results,  it  is  observable  that  in  the  last 
experiment  conversion  was  conapletely  effected  within  three-quarters 
of  an  hour,  whilst  in  the  first  two  a  longer  time  elapsed  before  the 
complete  change  was  found  to  have  occurred. 

With  exposure  to  a  higher  temperature,  a  comparatively  short  time 
suffices  for  the  complete  conversion  of  starch,  glycogen,  &c.,  into 
glucose.  Taking  advantage  of  tliis  fact,  I  am  in  the  habit  of  using  an 
autoclave — a  boiler  constructed  for  the  application  of  heat  under 
pressure.  When  used  for  the  purpose  referred  to,  it  is  set  at  a 
pressure  equivalent  to  five  atmospheres,  which  gives  a  temperature  of 
about  150°  C.  (300°  F.).  At  this  point,  the  conversion  into  glucose  is 
accomplished  within  about  a  quai'ter  of  an  hour.  It  is  reliably 
secured  by  half  an  hour,  which  is  the  length  of  time  I  consider  it 
advisable  to  allow. 

It  is  requisite  to  mention  that  the  presence  of  sodium  sulphate 
interferes  with  the  inverting  action  of  the  acid  when  the  process  is 
conducted  under  ordinary  atmospheric  pressure,  and  that  error  raa.y 
thus  arise  where  tlie  inverted  condenser  is  used.  Under  the  higher 
pressure,  however,  at  which  the  autoclave  is  worked,  this  interference 
is  not,  as  far  as  I  have  pei'ceived,  exerted  in  such  a  manner  as  to  be 
noticeable. 

In  the  case  of  lactose,  one  hour  suffices  for  complete  conversion 
into  glucose,  and  may  be  taken  as  the  time  to  be  allowed.  The  in- 
verted condenser  must  be  employed,  to  prevent  concentration  by 
evaporation.  The  use  of  the  autoclave  is  inadmissible,  on  account  of 
its  leading  to  the  development  of  colour  in  the  product. 

With  cane  sugar,  inversion  is  accomplished  within  a  few  minutes. 
On  account,  however,  of  the  charring  action  exerted  by  sulphuric 
acid  upon  cane  sugar,  citric  acid  is  a  preferable  agent  to  use  for  its 
inversion.  This  acid  is  equally  efficacious  for  the  purpose  required, 
and  its  employment  is  not  attended  with  the  risk  of  any  destruction 
of  carbohydrate.  Boiling  for  seven  minutes  with  a  citric  acid  solu- 
tion of  2  per  cent,  strength  amply  suffices  for  securing  full  conversion 
into  glucose.  The  operation  may  be  conveniently  performed  in  a  small 
open  flask,  the  employment  of  an  inverted  condenser  being  unneces- 
sary. 

On  account  of  the  greater  proneness  of  cane  sugar  and  its  deriva- 
tive invert  sugar  to  undergo  destruction  by  the  action  of  sulphuric 
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acid  than  other  carbohydrates,  the  use  of  the  autoclave  should  be 
avoided  where  the  presence  of  these  sugars  is  suspected. 

Qualitative  and  Quantitative  Testing. 

Having  described  the  processes  by  vsrhich  the  carbohydrates  exist- 
ing in  animal  products  are  separated  from  other  matters  and  prepared 
for  the  application  of  testing,  I  have  next  to  deal  with  the  manner  in 
which  the  process  of  testing  is  conducted. 

The  copper  test,  based  on  the  power  possessed  by  glucose  and  some 
other  sugars  of  reducing  cupric  oxide  (CuO)  to  the  state  of  cuprous 
oxide  (CU2O),  affords,  I  consider,  by  far  the  most  suitable  means  of 
obtaining  the  information  desired,  whether  of  a  qualitative  or  quanti- 
tative nature. 

The  form  of  copper  solution  ordinarily  employed  is  a  liquid  in 
which  cupric  oxide  is  held  in  solution  by  altali  thi'ough  the  influence 
of  an  alkaline  tartrate.  The  test  perhaps  in  most  general  use  is  the 
liquid  known  as  Fehling's  solution,  which  has  the  following  com- 
position : — 

Fehling's  Solution. 

Cupric  sulphate    34"65  gi'ams. 

Potassic  sodic  tartrate  (Rochelle  salt)  173'00  „ 
Caustic  soda  solution  (sp.  gr.  1'1200)  600  00  c.c. 
Distilled  water  to  1  litre. 

Fehling's  solution  is,  in  my  opinion,  improved  by  using  a  larger 
proportion  of  alkali  than  that  commonly  employed.  Thus  modified, 
it  is  more  stable  and  less  liable  to  give  rise  to  fallacious  indications 
by  undergoing  spontaneous  reduction  on  boiling.  I  am  accustomed 
also,  on  grounds  of  convenience,  to  use  potash  instead  of  soda.  The 
following  is  the  composition  of  the  liquid  I  employ  : — 

Modified  Fehling's  Solution. 

Cupric  sulphate    34'65  grams. 

Potassic  sodic  tartrate  (Rochelle  salt)  170  00  ,, 

Caustic  potash   170'00  ,, 

Distilled  water  to  1  litre. 

It  is  necessary  to  bear  in  mind  that  these  cupric  solutions,  the 
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latter,  however,  less  readily  than  the  former,  undergo,  on  keeping  for 
some  time,  especially  under  exposure  to  light,  change  of  such  a 
nature  as  to  lead  to  the  spontaneous  deposition  of  some  suboxide,  and 
to  the  deposition  of  more  on  boiling.  When  in  a  state  thus  to  give 
rise  to  the  appearance  of  suboxide  precipitate  on  boiling,  the  liquid 
may  be  restored  for  a  while  to  its  former  condition  by  the  addition  of 
alkali. 

Due  attention  must  needs  be  given  to  the  source  of  fallacy  here 
presented,  and  when  this  is  done  the  test  may  be  regarded  as  an 
exceedingly  valuable  one  for  the  recognition  of  sugar. 

The  test  may  also  be  made  use  of  for  quantitative  purposes,  and  be 
thus  applied  either  gravimetrically  or  volumetrically.  Its  employ- 
ment for  gravimetric  determination  is  based  on  the  fact  that  five 
molecules  of  cupric  oxide  are  reduced  by  one  molecule  of  glucose ; 
and,  for  volumetric  determination,  on  the  fact  that  the  amount  of 
cupric  oxide  contained  in  10  c.c.  of  the  liquid  is  just  reduced  by 
0"050  gram  of  glucose. 

For  the  gravimetric  process,  the  product  to  be  examined  is  boiled 
with  an  excess  of  the  cupric  solution.  In  the  case  of  blood,  &c.,  the 
preparation  of  the  product  may  be  conducted  by  the  sodium  sulphate 
method  described  at  p.  59.  After  full  reduction  has  taken  place, 
the  cuprous  oxide  is  collected  and  may  be  weighed  as  such,  and  the 
sugar  calculated  upon  the  basis  of  one  molecule  of  glucose  for  every 
five  molecules  of  cuprous  oxide  obtained. 

A  better  method,  on  account  of  its  extreme  delicacy  and  precision 
of  dealing  with  the  precipitated  suboxide,  consists  in  dissolving  it  in 
nitric  acid  and  then  submitting  the  solution  to  galvanic  action  in  such 
a  manner  as  to  occasion  the  deposition  of  the  whole  of  the  copper  in 
a  pure  metallic  state  upon  a  weighed  cylinder  of  platinum  foil.  The 
weight  of  the  copper  is  thus  readily  ascertained  and  the  required 
calculation  made.  This  process,  which  I  at  one  time  -employed  when 
engaged  upon  a  series  of  comparative  observations  on  the  amount  of 
sugar  existing  in  blood  taken  from  different  parts  of  the  system,  is 
described  in  detail  in  a  communication  presented  by  me  to  the  Royal 
Society  in  1877,  and  contained  in  the  '  Proceedings  '  for  that  year 
(Vol.  26,  p.  314).  The  results  which  will  be  introduced  later  on  will 
afford  evidence  of  the  exactness  of  the  process  as  a  means  of  sugar 
estimation, 
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Holding  the  position  it  does,  as  regards  reliability,  the  electi'o- 
gravimetric  process  is  not  only  of  intrinsic  value  for  the  purpose  of 
quantitative  analysis,  but  niay  be  considered  to  possess  additional 
value  as  a  means  of  gauging  the  accuracy  of  other  tests.  It  is,  how- 
ever, a  lengthy  and,  it  must  be  said,  a  tedious  process,  and  is,  on  this 
account,  not  well  adapted  for  ordinary  employment. 

The  estimation  of  sugar  gravimetrically  through  the  copper  test, 
by  whatever  method  conducted,  is  open  to  the  important  source  of 
fallacy  that  if  ammonia  (whether  free  or  in  combination),  or  a  nitro- 
genous product  capable  of  developing  it  during  the  process  of  boiling 
with  the  fixed  alkali  of  the  test,  is  present,  error  will  necessarily 
follow,  in  consequence  of  the  solvent  action  it  exerts  upon  the  cupi'ous 
oxide,  and  its  effect  in  thereby  leading  to  more  or  less  of  this  product 
escaping  deposition  and  thus  failing  to  appear  in  the  result  obtained. 
It  may  be  assumed,  in  the  case  of  the  liver,  that  this  in  reality  occurs, 
for  the  figures  yielded  by  the  method  are  so  absolutely  insignificant 
and  so  inconsistently  low,  compared  with  those  obtained  in  other 
ways,  that  it  is  evident  they  cannot  be  correct.  With  blood,  in  a 
fresh  state,  I  have  no  reason  to  think  that  any  such  source  of  fallacy 
exists.    Indeed,  the  evidence  that  is  presented  points  to  the  contrary. 

In  the  volumetric  method,  the  estimation  is  effected  by  noting  the 
fading  and  loss  of  the  blue  colour  of  the  test  solution,  as  the  conver- 
sion of  its  cupric  oxide  into  cuprous  oxide  takes  place.  The  method 
is  a  much  more  expeditious  one  than  the  gravimetric,  and  is  not 
influenced  detrimentally  by  the  presence  of  ammonia.  The  reckoning 
is  based  upon  the  cupric  oxide  contained  in  10  c.c.  being  just  reduced 
by  0  050  gram  of  glucose,  which  is  equivalent  to  saying  that  the  blue 
colour  belonging  to  10  c.c.  of  the  solution  is  just  removed  by  O'OSO 
gram  of  glucose.  Theoretically,  there  is  nothing  to  be  said  against 
this  process  ;  but,  practically,  it  is- found  that  its  application  is  attended 
with  the  disadvantage  of  the  reduced  oxide  interfering,  by  remaining 
suspended  in  the  liquid,  with  the  accurate  recognition  of  the  terminal 
point  of  reduction.  For  purposes  where  minute  accuracy  is  not 
essential,  a  sufficiently  approximate  result  can  be  obtained,  but  for 
physiological  purposes,  and  in  other  cases  where  great  precision  is 
roqiiirod.  the  process  is  unsnitcd  foi'  employinout. 
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Quantitative  Determination  of  Sugar  by  the  Ammoniated  (Jupric  Test. 

A  test  which  I  introduced  about  fifteen  years  ago,  and  of  which  a 
daily  experience  during  the  whole  of  this  period  enables  me  to  speak 
with  confidence,  is  not  open  to  the  objection  above  alluded  to,  and  has, 
moreover,  special  advantages  in  other  respects,  rendering  it  eminently 
valuable  as  an  agent  for  sugar  estimation.  I  refer  to  the  ammoniated 
cupric  test,  the  principle  of  action  of  which  is  that  through  the 
presence  of  ammonia  the  cuprous  oxide  formed  by  the  reducing 
influence  of  sugar  is  held  in  solution  in  a  colourless  state,  instead  of 
appearing  as  a  coloured  deposit.  The  progress  of  the  reduction  is 
thus  attended  with  a  simple  fading  of  colour,  unobscured  through- 
out, and  no  difficulty  is  experienced  in  recognising  precisely  when 
the  terminal  point  is  attained. 

The  ammonia  present  in  the  liquid,  whilst  holding  in  solution  the 
reduced  oxide  of  copper,  does  not  interfere  with  the  process  of  reduc- 
tion. It  is  incidentally  advantageous  in  deepening  the  colour  of  the 
cupric  solution,  and  thereby  increasing  the  defining  capacity  of  the 
test,  which  is  proportional  to  the  range  of  colour  passed  through. 
Further — and  this  is  a  point  of  great  importance — ammonia  confers 
upon  the  solution  a  perfect  self -preservative  power,  the  conditions 
being  such  that  so  long  as  any  air  is  in  contact  with  the  fluid,  the 
copper  is  of  necessity  kept  in  a  fully  oxidised  state,  and  prevented 
from  undergoing  deposition. 

The  test  is  an  exceedingly  delicate  one,  and  is  further  recom- 
mended by  its  readiness  and  speediness  of  application.  It  possesses, 
indeed,  all  the  delicacy  and  reliability  of  the  electro-gravimetric 
process,  together  with  more  general  applicability,  and  infinitely 
greater  facility  for  use.  When  the  two  processes  are  applied  side 
by  side,  the  results  yielded  are  found  to  stand  in  ths  closest  agree- 
ment. It  is  not  too  much  to  say  that  without  the  assistance  of  the 
ammoniated  cupric  test  I  could  not  have  obtained  the  information 
which  stands  at  the  foundation  of  this  work. 

The  following  is  a  description  of  the  mode  of  preparation  of  the 
test  liquid,  with  particulars  regarding  its  position  in  relation  to 
cupric  oxide  reduction  and  sugar  oxidation. 

I  originally  directed  that  the  ammoniated  cupric  test  should  be 
prepared  from  Fehling's  solution,  by  adding  to  100  c.c,  of  it  .300  c.c. 
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of  ammonia  and  600  c.c.  of  distilled  water ;  and,  in  operating  with  tlie 
liquid,  I  at  first  took  it  for  granted  that  the  same  relation  existed 
between  the  amount  of  oxide  of  copper  reduced  and  that  of  sugar 
oxidised,  as  under  the  employment  of  the  copper  test  of  the  ordinary, 
or  non-ammoniated,  kind,  namely,  that  five  molecules  of  oxide  of 
copper  were  reduced  by  one  molecule  of  glucose.  The  liquid  made 
in  this  way  contained  one-tenth  of  Fehling's  solution,  and  if  it  com- 
ported itself  in  the  same  manner  as  the  latter,  10  c.c.  of  it  would 
stand  equivalent  to  O'OOS  gram  of  glucose.  In  working  with  it,  the 
results  obtained  stood  in  harmonious  relation  with  each  other,  but 
when  checked  by  trying  it  with  liquids  containing  known  quantities 
of  sugar  it  was  found  that  the  figures  given  were  invariably  too 
high.  At  first,  I  was  at  a  loss  to  account  for  this  result,  but  subse- 
quent observation  showed  that  in  the  case  of  the  ammoniated  liquid 
six  molecules  of  cupric  oxide,  instead  of  only  five  as  with  Fehling's 
solution,  ai-e  reduced  by  one  molecule  of  sugar.  When  the  reckoning 
was  made  upon  this  basis,  the  results  exactly  corresponded  with  the 
actual  amounts  of  sugar  known  to  be  present.  Moreover,  with 
liquids  containing  glucose,  examined  comparatively  with  Fehling's 
solution  and  the  ammoniated  cupric  test  containing  one-tenth  of 
Fehling's  solution,  the  results  stood  exactly  in  accord,  under  the 
reckoning  that  five  molecules  of  cupric  oxide  in  the  one  case  and 
six  molecules  in  the  other  were  reduced  by  one  molecule  of 
glucose. 

It  was  further  revealed,  in  the  course  of  the  enquiry  conducted, 
that,  with  the  liquid  prepared  as  above  from  Fehling's  solution,  the 
result  of  titration  was  to  some  extent  dependent  u])on  the  manner  in 
which  the  product  was  dropped  in  from  the  burette.  When  the 
rate  of  dropping  was  such  as  not  to  involve  a  prolonged  period  of 
boiling,  a  correct  result  was  obtained,  but  when  the  operation  was 
more  slowly  performed,  evidence  was  afforded  of  the  occurrence  of  a 
certain  amount  of  spontaneous  reduction.  This  is  comprehensible 
from  the  behaviour  of  Fehling's  solution  itself.  When  in  a  fresh  and 
not  over-dilute  state,  it  does  not,  even  on  prolonged  boiling,  show 
any  sign  of  the  occurrence  of  reduction,  but  if  brought  to  a  very 
dilute  state,  it  undergoes,  on  ebullition,  spontaneous  change  attended 
with  a  deposition  of  suboxide.  The  ammoniated  liquid  as  compared 
with  Fehling's  solution  presents  oonsidcriiMo  dilution.    It  is,  there- 
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fore,  not  surprising  that  it  should  be  unable  to  resist  the  influence 
of  unduly  prolonged  ebullition  without  undergoing  spontaneous 
change. 

In  experimenting  with  the  test,  it  was  found  that  the  addition  of 
fixed  alkali  to  the  extent  of  1  gram  of  potash  for  every  20  c.c.  had  the 
etfect  of  removing  the  instability  referred  to,  and  of  giving  to  the  liquid 
the  power  of  resisting  the  tendency  to  spontaneous  reduction  under 
exposure  to  a  prolonged  period  of  boiling.    Further  investigation 
showed  that  a  great  excess  of  fixed  alkali,  such,  for  instance,  as  resulted 
from  the  addition  of  5  grams  of  potash  for  every  20  c.c,  modified 
the  character  of  the  liquid,  and  brought  it  into  the  same  position  as 
the  ordinary  copper  solution,  in  relation  to  the  number  of  molecules 
of  cupric  oxide  reduced  by  one  molecule  of  sugar  ;  in  other  words, 
that  whilst  the  addition  of  potash  in  the  proportion  of  1  gram  for 
every  20  c.c,  and  somewhat  over  this,  did  not  modify  the  character 
of  the  liquid  in  relation  to  extent  of  reduction  occurring,  the  addi- 
tion of  5  grams  to  the  20  c.c.  so  far  altered  the  behaviour  of  the  test 
that  five  molecules  only  of  cupric  oxide,  instead  of  six,  were  reduced 
by  one  molecule  of  glucose.    With  the  addition  of  potash  in  quanti- 
ties somewhat  under  this,  the  amount  of  cupric  oxide  reduced  by 
one  molecule  of  glucose  was  found  to  stand  between  the  five  and  the 
six  molecules. 

To  bring  the  ammoniated  copper  liquid  into  a  position  to  repre- 
sent an  exact  tenth  of  the  sugar- value  of  Fehling's  solution,  the  pro- 
portion of  copper  requires  to  be  increased  so  as  to  give  six  molecules 
against  five.  When  this  has  been  done,  as  by  taking  120  c.c.  of 
Fehling's  solution  instead  of  100  for  the  litre  of  the  ammoniated 
liquid,  the  results  obtained  from  titration  coincide  for  the  two 
liquids,  and  conform  with  those  that  are  to  be  looked  for  when 
known  quantities  of  sugar,  determined  by  the  balance,  are  employed. 

When  Fehling's  solution  is  used  for  the  preparation  of  the  am- 
moniated liquid,  the  required  stability,  without  alteration  of  sugar- 
value,  is  given  by  doubling  the  amount  of  caustic  soda  present.  With 
the  modified  Fehling's  solution,  the  composition  of  which  is  given  at 
p.  68,  and  which,  for  all  purposes,  I  consider  a  preferable  liquid  for 
use,  the  amount  of  fixed  alkali  is  sufficient  to  meet  what  is  wanted. 

No  need  exists,  however,  to  prepare  the  ammoniated  cupric  test 
from  either  of  these  solutions,  and  I  never,  now,  have  recourse  to 
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their  employment  for  tlie  purpose.  I  consider  it  better  to  proceed  in 
a  direct  way,  and  the  following  are  the  quantities  to  be  used  : — 

Amniomated  Cupric  Test  Solution.  (Pavy.) 

Crystallised  copper  sulphate   4*158  grams. 

Potassic  sodic  tartrate  (Rochelle  salt)    . .  20  400  ,, 

Caustic  potash   20-400  „ 

Strong  ammonia  solution  (sp.  gr.  0'880)  .300  c.c. 
Distilled  water  to  1  litre. 

In  preparing  the  test,  it  is  found  desirable  to  dissolve  the  potash 
and  Rochelle  salt  together  in  a  portion  of  the  water,  and  the  copper 
sulphate  separately  in  another.  The  latter  requires  the  aid  of  heat 
for  solution.  When  completely  dissolved,  it  is  poured  into  the  mix- 
ture of  potash  and  Rochelle  salt. 

After  the  mixed  liquids  have  cooled,  the  ammonia  is  added,  and 
then  a  sufficiency  of  water  to  bring  np  tlie  volume  to  a  litre. 

In  sugar- value.  10  c.c.  of  the  liquid  stand  equivalent  to  O'OOS  gram 
of  glucose. 

Such  is  the  theoi'etical  sugar-value  of  the  solution,  from  the  copper 
present.  For  many  purposes  it  may  be  cccepted  as  the  actual  vahie, 
but  when  security  of  close  accuracy  is  required  the  liquid  should  be 
standardised  by  means  of  a  solution  containing  a  known  quantity  by 
weight  of  sugar.  This  I  am  in  the  invariable  habit  of  doing  when 
the  test  is  used  in  conducting  physiological  investigations.  For  the 
purpose,  it  is  best  to  employ  cane-sugar  and  to  convert  it  into  glucose 
by  the  agency  of  an  acid.  What  is  sold  in  the  form  of  coarse  colour- 
less crystals,  under  the  name  of  "  white  crystal,"  and  used  par- 
ticularly for  sweetening  coffee,  constitutes  a  very  pure  kind  of  cane- 
sugar,  and  therefore  an  advantageous  one  to  take.  It  should  be 
reduced  to  a  fine  powder,  and  freed  from  adherent  moisture  by  ex- 
posure for  a  short  time  in  a  hot-air  oven  to  a  temperature  near 
100°  C.  (212°  F.).  Afterwards  it  may  be  kept  over  sulphuric  acid  in 
a  desiccator,  ready  for  use  at  any  time.  A  carefully  weighed  portion, 
say  ()'250  gram,  is  subjected  to  inversion  by  boiling  for  seven 
minutes  with  50  c.c.  of  2  per  cent,  citric  acid  Tliis  acid  is  employed 
in  preference  to  a  mineral  acid,  to  avoid  any  chance  of  destruction  of 
sugar.    When  cool,  the  acid  is  neutralised  with  potash,  and  the 
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volume  made  up  with  distilled  water  to  250  c.c.  The  liquid  is  sub- 
sequently titrated  with  the  ammoniated  solution,  and  the  value  of 
the  test  calculated  from  the  result  obtained.  No  disparity  of  any 
account  should  be  found  between  the  theoretical  and  the  actual 
value. 

In  the  employment  of  the  test  solution,  10  c.c.  and  5  c.c.  are  con- 
venient quantities  to  work  with,  and  do  not  call  for  the  use  of  any 
appliance  to  obviate  the  inconvenience  arising  from  the  evolved 
ammonia,  such  as  I  found  to  be  necessary  when  I  first  introduced 
the  test  and  used  a  larger  quantity  for  operating  with.  By  diluting 
the  specimen  to  be  examined,  as  much  accuracy  is  attainable  as  with 
the  employment  of  a  larger  amount  of  the  test  and  a  less  dilute 
product. 

The  apparatus  best  suited  for  the  application  of  the  test  consists  of 
a  flask  of  about  150  c.c.  capacity,  through  the  cork  of  which  passes  a 
delivery  tube  from  a  Mohr's  burette,  for  dropping  in  the  product  to 
be  examined,  and  also  an  exit  tube  for  the  escape  of  air  and  steam. 
The  burette  is  graduated  into  20  c.c,  each  centimeter  being  divided 
into  tenths,  and  is  fixed  in  a  suitable  stand  (vide  accompanying 
photo-engraving).  Instead  of  the  spring  clip  commonly  used  to 
regulate  the  dropping  of  fluid,  I  employ  a  screw  arrangement,  by 
which  the  flow  is  susceptible  of  being  regulated  to  a  nicety, 


The  product  for  examination  liavinf^J  been  introduced  into  the 
burette,  a  little  is  allowed  to  escape  in  order  to  free  the  delivery  tn1)o 
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from  air-bubbles,  after  which  the  height  of  the  liquid  is  read  off"  and 
noted  down.  The  10  c.c.  or  5  c.c.  of  test  liquid,  or  whatever  quan- 
tity it  is  intended  to  employ,  are  then  placed  in  the  flask,  and  about 
20  c.c.  of  distilled  water  added  to  increase  the  bulk  to  a  convenient 
extent  for  boiling  to  be  performed.  The  flask  is  now  affixed  to  the 
cork  belonging  to  the  burette  and  allowed  to  hang  suspended  over 
the  flame  of  a  spirit  lamp  or  Bunsen  burnei'.  To  facilitate  observa- 
tion of  the  progress  of  decoloration,  a  white  background  of  opal  glass 
is  provided.  When  the  contents  of  the  flask  have  well  commenced 
to  boil,  the  screw  which  governs  the  flow  from  the  burette  is  turned 
so  as  to  permit  the  liquid  to  escape  by  drops  at  the  rate  of  about 
60  to  100  per  minute,  according  to  the  effect  produced  upon  the 
colour  of  the  test.  What  is  wanted  is  a  gradually  advancing  decolora- 
tion until  the  contents  of  the  flask  are  b^'ought  to  a  perfectly  colour- 
less state.  Towards  the  end,  the  dropping  in  has  to  be  conducted 
more  slowly  than  at  first,  so  as  to  avoid  going  beyond  the  exact  point 
required.  When  decoloration  is  complete,  the  flow  is  stopped.  A 
reading  of  the  level  of  the  liquid  in  the  burette  shows  the  amount  of 
the  product  which  has  been  used  in  decolorising  the  10  c.c.  or  5  c.c. 
of  test  solution  ;  in  other  words,  the  amount  which  contains  sugar 
equivalent  in  cupric  oxide  reducing  power  to  O'OOS  gram  or 
0"0025  gram,  as  the  case  may  be,  of  glucose. 

A  basis  is  thus  afforded  for  ascertaining  the  amount  of  sugar  con- 
tained in  the  entire  product,  and,  as  the  product  represents  the 
weighed  material  taken  for  examination,  calculation  suffices  to  give  a 
per  cent,  or  per  mille  expression  of  the  amount  of  sugar  that  was 
present. 

If,  in  conducting  the  analysis,  the  contents  of  the  burette  are 
dropped  in  too  slowly  and  the  boiling  becomes  prolonged,  some  sub- 
oxide may  fall  in  consequence  of  the  expulsion  of  the  ammonia  before 
the  operation  is  completed.  Should  this  occur,  a  fresh  titration  must 
be  undertaken,  and  the  contents  of  the  burette  dropped  in  a  little 
more  quickly.  Any  suboxide  happening  to  have  been  deposited  upon 
the  surface  of  the  flask  in  a  previous  titration  promotes  a  more 
speedy  deposition  of  suboxide  than  would  otherwise  occur.  It  must, 
therefore,  be  removed  by  a  little  nitric  or  other  mineral  acid  before 
the  flask  is  again  used. 

The  chief  precautions  to  be  observed  in  conducting  a  titration  are 
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to  avoid  dropping  in  the  liquid  fi-om  tlie  burette  so  rapidly  as  to  incur 
the  risk  of  running  beyond  the  point  required  for  decoloration,  and, 
at  the  same  time,  not  to  drop  in  so  slowly  as  to  lead  to  a  deposition 
of  suboxide  from  the  expulsion  of  the  ammonia.  The  liquid  should 
be  kept  steadily  boiling,  so  that  the  upper  part  of  the  flask  may  be 
continuously  tilled  with  vapour.  An  interruption  of  ebullition  -would 
permit  the  entrance  of  air,  and  thereby  some  possible  re-oxidation  of 
the  reduced  oxide,  which  would  have  to  be  again  reduced  before  the 
end  of  the  process,  thus  leading  to  a  fallacious  result. 

With  everything  conveniently  at  hand,  a  few  minutes  only  are 
required  for  the  performance  of  the  process,  from  beginning  to  end. 
To  give  precision  to  the  analysis,  at  least  two,  and  sometimes  three 
or  four,  titrations  are  required  to  be  conducted.  If  the  tirst  two 
titrations  yield  accordant  results,  they  may  be  considered  to  suflBce. 
The  first  titration,  however,  is  obviously  of  a  somewhat  tentative 
nature,  in  the  absence  of  any  previous  knowledge  of  the  quantity  of 
liquid  that  will  be  required  to  be  dropped  in  from  the  burette.  The 
titrations  should  be  repeated  until  closely  accordant  results  are  ob- 
tained, the  mean  of  which  may  be  accepted  as  the  final  result. 

In  first  employing  the  test,  the  operator  must  be  prepared  to  tind 
that  a  certain  amount  of  practice  is  required  to  work  with  it  satis- 
factorilj'.  When,  however,  the  requisite  experience  has  been  gained, 
no  difficulty  is  met  with  in  obtaining  precise  results.  Proof  is  easily 
afforded  of  the  precision  of  Avhicli  the  test  is  susceptible  by  examin- 
ing two  liquids  containing  different  amounts  of  sugar,  and  then 
mixing  them  in  equal  proportions  and  examining  the  mixture.  The 
figui'es  given  by  the  lattei',  under  experienced  hands,  and  when  the 
liquids  used  are  in  a  good,  coloui-less  state,  will  be  found  to  exactly, 
or  almost  exactly,  coincide  with  the  calculated  mean  drawn  from  the 
separate  examinations  previously  conducted. 

As  a  further  illustration  of  the  precision  attainable  through  the 
medium  of  the  test,  I  may  adduce  a  few  results  of  duplicate  analyses 
belonging  to  experiments  recently  conducted  at  the  Examination  Hall 
Research  Laboratories  for  the  purpose  of  extending  and  checking  my 
fontier  woik.  The  results  in  question  serve,  it  may  be  remarked,  not 
only  to  illustrate  what  has  been  mentioned  with  regard  to  the  test, 
but  also  to  show  the  satisfactory  position  in  which  the  analytical  pro- 
cedure, taken  in  its  ontii'ety,  stands. 
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Duplicate  Analyses  with  the  etn pluyment  of  the  Ammoniaied  Gnprio  Test- 

Sugar  per  1000,  expressed  as 
glucose. 
Duplicates. 

I.  Dog's  blood  from  right  ventricle — 

Before  sulphuric  acid   0-960  0-940 

After  „    0-920  0-937 

II.  Dog's  blood  from  portal  vein — 

Before  sulphuric  acid   0-977  0-943 

After  „    riOO  1-070 

HI.  Dog's  blood  from  portal  vein — 

Before  sulphuric  acid   0-968  0-897 

After  „    1-277  1-130 

IV.  Dog's  blood  from  portal  vein — 

Before  sulphuric  acid   1-823  1-723 

After  „    2-426  2-187 

V.  Rabbit's  blood  from  portal  vein — 

Before  sulphuric  acid   1'575  1-630 

After  „    2-085  2-085 

VI.  Rabbit's  muscle — 

Before  sulphuric  acid   2- 130  2-297 

After  „    3-640  3-743 

VII.  Rabbit's  muscle — 

Before  sulphuric  acid   2-427  2-570 

After  „    3-640  3-493 

Evidence  of  a  somev  hat  different  nature  is  also  adducible  in  sup- 
port of  the  validity  of  the  results  yielded  by  the  process  of  analysis 
that  has  been  described.  Some  years  ago  I  subjected  specimens  of 
blood  to  examination  by  the  electro-gravimetric  process,  and  also  by 
the  ammoniated  cupric  volumetric  process.  The  results  obtained  are 
recorded  in  the  '  Proceedings  of  the  Royal  Society  '  for  April,  1879, 
and,  although  the  two  processes  for  the  determination  of  the  sugar 
differ  in  principle,  the  one  being  dependent  upon  the  deposition  and 
collection  of  the  suboxide  of  copper,  and  the  other  upon  the  reduc- 
tion being  measured  by  the  loss  of  blue  colour  accompanying  the 
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transformation  of  the  cupric  into  cuprous  oxide,  the  figures  obtained, 
as  will  be  seen  by  the  subjoined  table,  present  so  close  a  general 
accord  as  to  mutually  confirm  the  trustworthiness  of  each  other. 

Results  from  the  Analysis  of  Blood  hij  the  Gravimetric  and  the 
Ammoniated  Cupric  Volumetric  Processes. 

Sugar  per  1000,  expressed  as  glucose. 

r  ;  '  , 

Gravimetric  pi'ocess.  Ammoniated  cupric 
Mean  of  two  analyses.        volumetric  process. 


I.  Sheep    0-589  0-571 

II.  Bullock   0-735  0-650 

III.  Bullock   0-921  0-896 

IV.  Sheep   0-533  0-567 

V.  Bullock   0-511  0-559 

VI.  Sheep   0-631  0  650 
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"We  have  next,  by  the  aid  of  the  methods  described  in  the  foregoing- 
pages,  to  follow  the  main  carbohydrates  concerned  in  alimentation, 
from  their  introduction  into  the  mouth  to  their  passage,  by  absorption, 
into  the  blood  of  the  portal  system,  and  see  what  changes  occur. 
Attention  will  be  given  to  them  in  the  following  order : — 

Starch,  with  its  congener  glycogen  and  their  derivatives,  dextrin 

and  maltose. 
Cellulose. 
Cane  sugar. 
Lactose. 
Glucose. 

Staech,  &c. 

Starch  enters  more  largely  than  any  other  carbohydrate  into  the 
composition  of  the  food  of  animals,  and  occupies,  on  this  account,  the 
position  of  chief  importance.  Although  itself  exclusively  derived 
from  the  vegetable  kingdona,  it  is  represented  in  the  animal  kingdom 
by  its  congener  glycogen.  Glycogen,  so  far  as  is  to  be  learnt  from 
the  indications  of  cupric  oxide  reducing  action,  comports  itself  in  its 
transformations  precisely  in  the  same  manner  as  starch,  and,  since  it 
only  occurs  to  a  comparatively  insignificant  extent  as  a  constituent  of 
food— chiefly  in  muscular  tissue  and  liver — it  will  not  receive  separate 
attention  in  the  succeeding  account  of  the  digestive  changes,  but  must 
be  understood  to  be  included  in  what  is  said  under  the  head  of  starch. 

As  has  been  previously  mentioned,  starch  exists  naturally  in  the 
form  of  a  granule,  composed  of  successive  layers,  of  which  the  outer 
layer  offers  great  resistance  to  solvent  influences.  When  the  granules 
are  ruptured,  however,  by  the  application  of  heat,  an  aqueous  decoc- 
tion is  obtainable ;  but,  even  in  this  form,  the  starch,  by  virtue  of  its 
colloidal  properties,  is  unsusceptible  of  being  absorbed  from  the 
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alimentary  canal.  To  be  serviceable,  therefore,  as  an  alimentary 
article,  starch  must,  as  a  necessary  preliminary  to  absorption,  be 
brought  into  a  soluble  and  diffusible  form,  and  this  is  effected  by  the 
process  of  digestion.  Through  the  influence  exerted  upon  starch  in 
the  digestive  sjstem,  it  becomes  converted  into  a  form  of  sugar,  with 
an  admixture  of  the  intermediate  products  of  transformation  known 
as  dextrins. 

There  are  various  secretions  possessing  this  transformative  power 
over  starch — secretions,  that  is  to  say,  containing  an  amylolytic 
ferment.  The  first  with  which  the  food  comes  into  contact  is  the 
saliva,  a  somewhat  viscid,  slightly  alkaline  secretion,  containing  an 
unorganised  ferment  known  as  ptyalin.  The  extent  of  the  change 
exerted  by  saliva  is  probably  small,  owing  to  the  incompleteness,  as 
well  as  the  short  duration,  of  the  contact  between  the  ferment  and 
the  starch. 

Experiments  with  starch  and  saliva  show  that  maltose,  and  not,  as 
was  formerly  believed,  glucose,  is  the  main  end  product  of  the  action 
of  ptyalin.  Apparently,  however,  a  certain,  but  insignificant,  amount 
of  glucose  is  produced  at  the  same  time.  As  to  the  precise  nature  of 
the  changes  occurring,  and  of  the  intermediate  products  formed, 
authorities  are  at  variance,  and  it  is  not  necessary  to  enter  into  tho 
question  of  the  theoretical  mode  of  splitting  up  of  the  starch  mole- 
cule further  than  has  been  done  in  a  former  part  cf  this  work. 
Broadly  speaking,  the  change  may  be  described  as  one  of  increasing 
hydration,  attended  with  advancing  cupric  oxide  reducing  power. 

The  action  may  be  studied,  and  information  obtained  regarding  the 
general  nature  of  the  products,  by  adding  to  a  decoction  of  starch  a 
little  saliva,  and  making  observations  on  successive  portions  taiten  at 
short  intervals.  By  means  of  alcohol  the  products  of  transformation 
may  be  obtained  free  from  any  admixture  of  untransformed  starch, 
should  such  exist;  and  by  subsequent  treatment  with  the  ammoniated 
cupric  liquid,  before  and  after  boiling  with  sulphuric  acid,  the  cupric 
oxide  reducing  power,  as  a  simple  expression,  is  obtained.  In 
eleven  observations  that  I  find  recorded  in  ray  laboratory  books  on 
mixtures  of  saliva  and  starch  solution,  the  cupric  oxide  reducing 
power  of  the  respective  products  varied  from  39  to  60,  taken  in 
relation  to  that  of  glucose  reckoned  as  100.  Thus,  in  certain  cases, 
conversion  of  the  stnrch  into  maltose  had  practically  been  accoin- 
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plistied,  whilst  in  others  a  large  proportion  of  dextrin,  or  something 
with  a  lower  cuprio  oxide  reducing  power  than  that  of  maltose,  was 
still  present. 

After  the  short  period  of  detention  that  the  food  undergoes  in  the 
mouth,  it  is  propelled  along  the  gullet  to  the  stomach,  there  to  be 
brought  into  contact  with  the  gastric  juice. 

Acids,  as  is  well  known,  exert  an  influence  in  the  direction  ol 
checking  the  amylolytic  action  of  saliva ;  and  it  is  generally  asserted 
that,  on  the  ari'ival  of  starch  in  the  stomach,  this  action  is  at  once 
stopped  by  the  hydrochloric  acid  existing  in  the  gastric  juice.  This 
statement  is  not,  however,  to  be  accepted  too  literally  or  too  abso- 
lutely, for  it  must  be  remembered  that  the  gastric  juice  is  not 
normally  produced  except  in  resjjonse  to  the  stimulus  of  the  presence 
in  the  stomach  of  extraneous  matter,  so  that  food  received  into  a 
stomach  previously  empty  will  not  immediately  come  under  the  influ- 
ence of  this  secretion ;  and,  during  the  short  interval,  whatever  may 
be  its  duration,  which  elapses  between  the  entry  of  food  into  the 
organ  and  the  subsequent  flow  of  gastric  juice,  starchy  matters  may 
undergo  some  further  change  under  the  continued  action  of  the  saliva. 
Beyond  the  interference  with  salivary  action,  gastric  juice  exerts  no 
inSuence  upon  starch  digestion. 

A  power  of  absorption  of  diffusible  principles  is  possessed  by  the 
lining  membrane  of  the  stomach,  and,  by  virtue  of  this  power,  what- 
ever diffusible  matter  may  have  been  produced  by  salivary  action 
stands  in  a  position  to  pass,  at  this  early  stage,  into  the  circulation. 
That  such  matter  is  present  in  considerable  amount  in  the  contents  of 
the  stomach,  after  the  ingestion  of  starchy  food,  is  shown  by  observa- 
tion. In  illustration,  I  may  refer  to  the  results  obtained  from  an 
examination  of  the  stomach  contents  of  ten  rabbits,  killed^at  a  period 
of  digestion.  In  each  instance,  an  alcoholic  extract  was  made,  for  the 
purpose  of  obtaining  the  transformed  carbohydrate  matter  free  from 
admixture  with  starch.  The  examination  of  the  extracts  revealed 
the  presence  of  a  considerable  amount  of  carbohydrate  matter  possessed 
of  cupric  oxide  reducing  power,  varying  in  the  several  instances 
from  25  to  53  expressed  in  relation  to  that  of  glucose  taken  at  100. 
In  two  of  the  observations,  a  portion  of  the  contents  of  the  stomach 
was  dealt  with  at  once,  whilst  another  portion  was  allowed  to  stand 
for  thirty  minutes  at  a  temperature  of  48°  C,  previous  to  extraction 
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with  alcohol.  Upon  examination,  it  was  found  that  the  cupric  oxide 
reducing  power  had  become  raised  in  the  one  case  from  25  to  48,  and 
in  the  other  from  25  to  50.  It  thus  appears,  be  the  precise  cause 
what  it  may,  that  a  certain  amount  of  change  of  carbohydrate  may 
occur  under  certain  conditions,  within  the  stomach. 

From  the  stomach  the  alimentary  matter,  in  a  semi-fluid  condition, 
is  conducted  to  the  small  intestine,  the  part  of  the  alimentary  tract 
which  may  be  regarded  as  constituting  the  main  seat  of  starch 
digestion.  It  is  here  brought  under  the  influence  of  the  bile,  the 
pancreatic  juice,  and  the  secretions  derived  from  the  intestinal  walls. 
Bile,  through  the  alkali  contained  in  it,  contributes  towards  neutral- 
ising the  acidity  of  the  chyme  as  it  passes  from  the  stomach,  and 
thus,  indirectly  assists  in  promoting  the  subsequent  digestion  of 
starch  by  the  other  secretions  ;  otherwise  little  or  no  action  is  prob- 
ably exerted  by  it  upon  the  carbohydrates. 

Pancreatic  juice  is  an  alkaline  secretion,  possessed  of  marked 
power  of  acting  upon  starch,  its  action,  like  that  of  saliva,  leading  to 
the  production  of  dextrins  and  maltose.  Within  the  intestinal  canal 
there  exist  the  most  favourable  conditions  for  the  exercise  of  the 
transformative  power — for  example,  intimate  contact,  alkalinity,  and 
a  moderately  elevated  temperature — and,  accordingly,  the  conversion 
of  stai'ch  begun  in  the  mouth  is  now  carried  on  with  its  highest 
degree  of  activity.  The  process  of  transformation  and  the  nature  of 
the  products  formed  may  be  studied  in  a  similar  manner  to  that 
mentioned  in  the  case  of  saliva.  The  results  of  ten  experiments 
with  starch  and  pancreatic  ferment  derived  from  the  sheep,  the  cat, 
and  the  dog,  showed  the  attainment  of  cupric  oxide  reducing  power 
ranging  from  23  to  60,  expressed  in  relation  to  glucose  taken  at  100. 
Thus  in  some  cases  complete  conversion  into  maltose  had  practically 
been  accomplished,  whilst  in  others  the  product  must  have  consisted 
largely  of  dextrin. 

The  effect  of  the  presence  of  acid  or  of  carbonated  alkali  is  to 
modify  the  action  of  the  amylolytic  ferments,  whether  pancreatic  or 
salivary.  For  instance,  the  addition  of  sodium  carbonate  seems  to 
determine  the  formation  of  a  final  product  with  a  lower  cupi'ic  oxide 
reducing  power  than  that  which  would  otherwise  be  obtained.  The 
change  is  prevented  from  passing  beyond  a  certain  point  more  or 
less  short,  apparently  according  to  the  amount  of  sodium  carbonate 
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used,  of  the  production  of  maltose.  This  is  shown  by  the  subjoined 
observations. 

100  c.c.  of  a  decoction  of  starch  were  mixed  with  50  c.n.  of  an 
aqueous  extract  of  pancreas,  and  exposed  to  a  temperature  of  48°  C. 
10  c.c.  portions  were  removed  at  the  undermentioned  periods,  and 
the  cupric  oxide  reducing  power  of  each  taken.  Parallel  experi- 
ments were  made  with  the  addition  of  2  grams  and  4  grams  (giving 
the  respective  percentages  of  1"3  and  2'6)  of  carbonate  of  soda.  The 
cupric  oxide  reducing  power,  expressed  as  glucose,  was  found  in  the 
several  instances  to  stand  as  follows  : — 


10  c.c.  portions 
after 

Sugar  found,  expressed  as  glucose. 

Without 

With  1-.3  per 
cent,  of  Na2C03. 

With  2-6  per 
cent,  of  Na^COs. 

45  „   

0  '015  gram 
0-018  „ 
0-018  „ 
0  018  „ 

0  -006  gram 
0  009  „ 
0  -009  „ 
0 -009  „ 
0  -009  „ 

0-005  gram 
0  -009  „ 
0  009  „ 
0  008  „ 
0  -009  ,. 

A  similar  experiment  was  upon  another  occasion  performed  with  a 
different  decoction  of  starch  and  aqueous  extract  of  pancreas.  The 
following,  expressed  as  before,  were  the  results  obtained  : — 


10  c.c.  portions 
after 

Sugar  found,  expressed  as  glucose. 

Without 
NaoCOs. 

With  1-3  per 
cent,  of  Na2C03. 

With  2-6.  per 
cent,  of  NasCOj. 

.30  „   

0  -031  gram 
0  -046  „ 
0  047  „ 
0-046  „ 

0  -013  gram 
0-014  „ 
0-014  „ 
0  014  ., 

0-009  gram 
0  010  „ 
0  010  „ 
0-010  „ 

45  „   

Acids,  as  already  mentioned  with  reference  to  saliva,  exert  a  re- 
tarding or  an  actually  preventive  influence  on  the  action  of  these 
ferments  upon  starch.    The  presence  of  even  an  organic  acid,  such  as 
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citric,  whilst  not  wholly  preventing  the  transformation,  exerts  a 
marked  degree  of  interference  with  such  change,  and  determines  the 
non-conversion  of  a  considerable  quantity  of  starch. 
.  The  following  results  of  experiments  made  with  starch  solution 
and  aqueous  extract  of  the  pancreas  of  a  dog,  will  serve  to  show  the 
influence  exerted  by  citric  acid  and  sodium  carbonate  respectively  on 
the  process  of  transformation. 

30  c.c.  of  a  solution  of  starch  were  placed  in  contact  with  5  c.c. 
of  the  pancreatic  extract  and  allowed  to  stand  for  18  hours  at  the 
ordinary  temperature.  At  the  end  of  that  time  an  alcoholic  extract 
was  made,  and  the  sugar  determined  before  and  after  treatment  with 
sulphuric  acid.  A  parallel  procedure  was  adopted  with  the  addition, 
in  the  one  case,  of  0"5  gram  (1"4  per  cent.)  sodium  carbonate,  and,  in 
the  other,  the  same  quantity  of  citric  acid.  The  results  obtained 
stood  as  follows  : — 


Sugar  produced, 
expressed  as 
glucose  in 
grams. 

Experiment  I. 

After  action  of  ferment  f  before  sulphuric  acid  . .  0  "074 

alone   1_  after         „         ,,    ..  0'156 

After  action  of  fermentl 

in   presence   of    1-4  I  before  sulphuric  acid  . .  0 '034 

per  cent,  sodium  car-  [after         ,,         »    ••  0'130 

bonate  J 

After  action  of  ferment  T 

in  presence  of   1  4  [before  sulphuric  acid  . .  trace 

per   cent,   of    citric  (after  „  >,    •  •  0'058 

acid   J 

Experiment  II. 

After  action  of  ferment  /  before  sulpluiric  acid  . .     0  070 
alone   [.after  „  „    .,  0-138 

After  action  of  ferment  "| 

in  pi-esence  of  1'4  I  before  sulphuric  acid  . .  0  "034 
per  cent,  of  sodium  'after  ,,  „  •>  0"148 
carbonate  J 

AUcr  action  of  ferment"] 

in  presence  of  1 '4  I  before  sulphuric  acid  , .  0  032 
per  cent,  of  citric  (after  ,,  ,,  . .  0  096 
acid  J 


Relation  of  the 
cupric  oxide 

reducing  power 
of  the  product 

to  that  of 
glucose  at  100. 


■47 


}.6 
}- 


-31 


23 


■33 
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Sugar  produced, 
expressed  as 
glucose  in 
grams. 

Experiment  III. 

After  action  of  ferment  f  before  sulplmric  acid  . .     0  "074 
alone  \  after  „  „    . .     0  •322 

After  action  of  ferment  1 

in  presence  of  1'4  1  before  sulphuric  acid  ..  0  "084 
per  cent,  of  sodium  |  after         ,,  „   . .    0  "274 

carbonate  J 

After  action  of  ferment  ~| 

in  presence  of  1"4  I  before  sulphuric  acid  . .  0  "014 
per  cent,   of    citric  f  after         ,,  ••  0*038 

acid  J 


Relation  of  the 
cupric  oxide 

reducing  power 
of  the  product 

to  that  of 
glucose  at  100. 


•  30 


I  23 

}■■ 


Experiment  IV. 
(In  this  instance  glycogen  was  substituted  for  starch.) 

After  action  of  ferment  J  before  sulphuric  acid  . .     0  "116  1  ,„ 

alone  I  after         „         „    . .     0  238  J  ^ 

After  action  of  ferment  1 

in  presence  of  14  [  before  sulphuric  acid  . .  0"094  "I 
per  cent,  of  sodium  Waiter  ,,  »    ••     0  384  / 

carbonate  J 

After  action  of  ferment"! 

in  presence  of    1  4  I  before  sulphuric  acid  . .     0 '016  "le- 
per  cent,    of    citric  [after  „  „  0  028  J  ' 
acid  J 


The  other  secretions  pertaining  to  the  intestine  are  those  derived 
respectively  from  the  glands  of  Brunner  and  the  glands  of 
Lieberkiihn. 

The  secretion  of  the  glands  of  Brunner,  glands  special  to  the 
duodenum  or  first  portion  of  the  intestine,  probably  ^operates  in  the 
same  way  as  that  of  the  pancreas  in  relation  to  starch  digestion  ;  but, 
from  the  anatomical  situation  of  the  glands,  their  secretion  cannot 
properly  be  isolated,  and  therefore  nothing  definite  has  been  ascer- 
tained with  regard  to  it. 

On  the  other  hand,  the  succus  entericus  or  intestinal  juice,  produced 
by  the  glands  of  the  intestine,  called  glands  of  Iiieberkiihn,  has  been 
ascertained  to  have  a  definite  action  upon  starch,  which  differs  from 
that  of  the  salivary  and  pancreatic  secretions  in  possessing  a  glucose- 
forming  capacity.    Under  the  influence  of  this  secretion,  search  is 
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carried,  througli  a  succession  of  products  possessing  an  increasing 
cupric  oxide  reducing  power;  but  the  change  does  not,  as  in  the 
case  of  the  salivary  and  pancreatic  ferments,  stop  at  the  stage  of 
maltose.  If  a  large  amount  of  the  ferment  be  used,  and  the  action 
continued  for  some  time,  the  process  of  transformation  may  be  found 
to  proceed  actually  to  the  production  of  glucose.  Apparently  the 
change  is  a  gradual  and  continuous  one,  without  any  definite  halt  or 
interruption  ;  and  the  point  of  termination  seems  to  depend  upon  the 
amount  of  ferment  and  the  time  during  which  it  is  allowed  to  act. 
We  have  here,  therefore,  under  suitable  conditions,  a  glucose-forming 
ferment  to  deal  with ;  but  the  final  cupric  oxide  reducing  power  pre- 
sented by  a  product  may  stand  at  any  point  between  maltose  and 
glucose  or  short  of  maltose. 

The  following  observations  show  the  results  obtained  from  sub- 
mitting starch  to  the  action  of  the  ferment  existing  in  the  intestine  : — 

Some  starch  decoction  was  mixed  with  a  large  quantity  of  sheep's 
intestine,  and  exposed  for  three  hours  to  a  temperature  of  48°  C.  A 
portion  was  examined  at  the  end  of  the  three  hours,  and  it  was  found 
that  a  product  existed  with  a  cupric  oxide  reducing  equivalent  of  50  in 
relation  to  glucose  at  100.  The  remainder  was  allowed  to  stand  for 
twenty-four  hours.  The  cupric  oxide  reducing  power  was  then  found 
to  have  been  raised  to  85. 

Some  starch  decoction  mixed  with  a  large  quantity  of  rabbit's  in- 
testine was  exposed  to  a  temperature  of  48°  C.  for  three  hours,  and 
then  allowed  to  stand  aside  for  twenty  hours.  At  the  end  of  the 
three  hours,  the  product  possessed  a  cupric  oxide  reducing  power  a 
little  above  that  of  maltose.  At  the  end  of  the  twenty  hours,  glucose 
existed. 

Some  starch  decoction,  mixed  with  a  large  quantity  of  rabbits'  in- 
testine, was  exposed  to  a  temperature  of  48°  C.  for  three  hours,  and 
then  set  aside  for  twenty-four  hours.  After  the  three  hours' exposure 
to  48°  C,  the  cupric  oxide  reducing  power  was  found  to  be  87.  After 
the  subsequent  twenty-four  hours,  it  stood  at  98. 

Some  starch  decoction  was  mixed  with  a  watery  extract  of  cat's 
intestine,  and  the  mixture  left  for  eighteen  hours  at  the  ordinary 
temperature.  The  cupric  oxide  reducing  power  was  then  found  to  be 
91. 

The  intestinal  mucous  membrane  is  found  to  retain  its  tiansfoinia- 
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tive  power  after  having  been  dried,  provided  the  drying  has  been 
effected  at  a  temperature  insufficient  to  lead  to  the  destruction  of  the 
ferment.  Of  seven  experimental  observations,  conducted  with  the 
dried  intestine  of  the  horse  and  a  solution  of  starch,  two  yielded  re- 
sults, showing  that  the  sugar  produced  consisted  of  glucose.  In  the 
other  five,  the  extent  of  transformation  fell  more  or  less  short  of  this, 
the  cupric  oxide  reducing  powers  of  the  several  products  being  repre- 
sented by  the  numbers  71,  79,  80,  81,  and  86,  in  relation  to  that  of 
glucose  taken  at  100.  The  temperature  employed  was  38°  C,  and  the 
period  of  exposure  to  it  varied  from  thirty  minutes  to  four  hours. .  In 
one  of  the  two  cases,  in  which  the  product  was  found  to  consist  of 
glucose,  the  mixture  had  simply  been  set  aside  for  twenty-four  hours 
at  the  ordinary  temperature. 

These  observations  suffice  to  show  that  a  ferment  exists  in  the  walls 
of  the  intestine  which  has  the  power  of  carrying  the  process  of 
transformation  on  till  glucose  is  reached.  The  process  passes  on 
gradually  through  successive  stages  marked  by  advancing  cupric 
oxide  reducing  power.  It  is  evident,  however,  from  the  observations 
to  follow,  that  glucose  is  not  to  any  large  extent  produced  by  the 
action  of  the  secretions  within  the  alimentary  canal,  whatever  may  be 
the  ferment  power  existing  in  the  intestinal  walls  themselves. 

The  contents  of  the  intestine  were  examined  in  five  rabbits,  taken 
at  a  period  of  digestion.  The  rabbits  had  been  fed  in  three  of  the 
instances  on  oats  and  green  food,  and  in  the  other  two  on  oats 
moistened  with  water.  An  alcoholic  extract  was  made  so  as  to 
separate  the  transformed  from  the  untransformed  starch.  The  cupric 
oxide  reducing  power  of  the  product  obtained  was  in  every  case  below 
that  of  maltose,  and  where  the  food  had  consisted  of  moistened  oats,  it 
was  lower  than  in  the  others.  v 

Product  of  Starch  Digestion  found  in  the  Portal  Blood. 

We  are  now  brought  to  the  consideration  of  the  question  of  the 
precise  form  in  which  the  changed  starch  reaches  the  portal  blood,  as 
revealed  by  observation  conducted  upon  the  blood  itself.  The  point 
touches  the  practical  issue  of  starch  digestion.  I  have  performed  a 
large  number  of  experiments  upon  the  subject.  The  detailed  results 
will  be  introduced  under  the  general  considei'ation  of  the  portal  blood 
(pp.  105 — 106).    All  that  is  necessary  here  to  state  is  that  a  sig- 
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nificant,  and  often  even  a  very  notable,  amount  of  sugar  is  discoverable 
in  the  portal  blood  as  the  eif  ect  of  the  ingestion  of  starchy  matter ; 
and  that  the  sugar  in  its  totality  has  a  cupric  oxide  reducing  power 
varying  between  that  of  maltose  and  that  of  glucose,  thus  showing 
that,  whether  glucose  is  present  or  not,  sugar  other  than  glucose  must 
to  a  greater  or  less  extent  exist. 

Cellulose. 

Cellulose  is  characterised  by  its  resistance  to  solution  by  ordinary 
solvents.  Little  of  a  definite  nature  is  known  about  its  solution  in 
the  alimentary  canal  of  animals.  Probably  in  the  human  subject  but 
little  cellulose  is  digested  and  absorbed.  In  some  of  the  herbivorous 
animals,  however,  notably  in  the  large  group  of  grass  and  hay  feeders, 
it  enters  to  so  large  an  extent  into  the  food  that  the  capacity  for 
digesting  and  rendering  it  of  alimentary  value  may  be  inferred  to 
exist.  This  inference  is  supported  by  the  proof  that  can  be  adduced 
from  the  vegetable  kingdom  of  cellulose  being  susceptible  of  under- 
going transformation  and  solution  by  the  action  of  certain  kinds  of 
ferments.    Thus,  to  quote  from  Sachs*  : — • 

"  The  non-nitrogenous  reserve  material  [in  the  stone  of  the  date] 
consists  of  hard  cellulose,  which  is  deposited  in  the  endosperm  in  the 
form  of  thickened  cell  walls,  and  which  constitutes  the  great  mass  of 
the  date  stone.  The  embryo,  at  first  very  minute,  protrudes  its  root 
and  plumule  at  the  beginning  of  germination,  and  only  tlie  upper- 
most portion  of  the  primary  seed  leaf,  which  now  gradually  develops 
into  a  cup-shaped  absorbing  organ,  becoming  larger  and  larger,  re- 
mains within  the  endosperm.  This  organ  consists  of  a  very  delicate 
parenchyma,  and  excretes  ferments  which  dissolve  the  hard  endo- 
sperm in  its  immediate  neighbourhood.  The  products  of  solution  are 
absorbed  by  the  organ  and  then  conveyed  into  the  growing  parts  of 
the  seedling ;  until,  finally,  the  whole  of  the  hard  date  stone  is  dis- 
solved and  its  cavity  occupied  by  the  developed  absorbing  organ. 
The  seed  of  Phyteleplias  (known  under  the  name  of  vegetable  ivory), 
which  is  at  least  a  hundred  times  larger  than  the  date  stone,  and  the 

*  '  Lectures  on  the  Physiology  of  Plants.'  By  Julius  Ton  Sachs  :  Translated  by 
n.  Marshall  Ward ;  Clarendon  Press,  Oxford,  1887. 
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endosperm  of  whicli  consists  of  much  harder  cellulose,  behaves 
similarly. 

"  The  action  of  those  fungi  which  destroy  wood  and  kill  trees  may 
be  compared  directly  with  the  action  of  such  seedlings  on  their  endo- 
sperm ;  the  thin  mycelial  threads  of  these  fungi,  as  has  been  shown 
by  Robert  Hartig  in  his  magniflcent  work,  penetrate  into  the  al- 
burnum and  heart  wood  of  trees,  evidently  because  they  excrete 
ferments  at  their  growiug  apices,  which  dissolve  the  hard  cell-walls 
of  the  wood."— (p.  344.) 

With  a  suitable  ferment  present,  there  is  no  reason  that  cellulose 
should  not  be  susceptible  of  undergoing  digestive  solution  by  trans- 
formation into  sugar,  and  of  being  thereby  placed  in  a  position  to 
prove  of  equal  alimentary  value  to  starch  or  any  other  carbohydrate. 
A.  more  or  less  considerable  disappearance  of  cellulose  has  been 
ascertained  to  take  place  in  the  digestive  tract,  especially  of  herbi- 
vorous animals,  which  stands  in  harmony  with  the  hypothesis 
suggested.  But  it  must  be  stated  that  no  specific  cellulol}tic  fer- 
ment belonging  to  the  alimentary  canal  has  yet  been  recognised,  and 
the  proposition  has  been  advanced  that  the  disappearance  of  cellulose 
may  be  in  part  accounted  for  by  a  transformation  of  an  altogether 
different  kind.  Under  the  influence  of  putrefactive  action  cellulose 
may  be  broken  up,  with  the  evolution  of  marsh  product,  and 

it  has  been  pointed  out  that  during  the  detention  of  the  alimentary 
matter  in  the  very  voluminous  csecum  of  some  of  the  herbivora  marsh 
gas  is  to  a  certain  extent  developed. 

Cane  Sugar. 

Cane  sugar,  considered  as  an  article  of  food,  is,  on  account  of  its 
ready  solubility  and  diffusibility,  in  a  position  widely  different  from 
that  held  by  starch,  glycogen,  and  cellulose.  As  far  as  its  physical 
properties  are  concerned,  it  is,  therefore,  in  a  state  to  be  susceptible 
of  absorption  from  the  alimentary  canal,  without  requiring  any  pre- 
paratory process  of  digestion.  It  does  not,  however,  follow  from  this 
that  it  becomes  absorbed  and  reaches  the  portal  system  without  un- 
dergoing alteration.  This  is  a  point  to  which  attention  will  be  given 
after  certain  preliminary  considerations  haye  been  disposed  of  con- 
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oerning  the  chemical  relations  of  cane  sugar,  and  the  methods  em- 
ployed in  its  estimation. 

Cane  sugar  docs  not  possess  any  cupric  oxide  reducing  power,  but 
like  the  other  carbohydrates  is  converted  into  glucose  by  boiling 
with  dilute  sulphuric  acid,  the  change  in  the  case  of  cane  sugar 
being  known  as  inversion,  and  its  product,  as  invert  sugar.  Invert 
sugar  is  in  reality  a  mixture,  in  equal  quantities,  of  two  forms  of 
glucose — dextrose  and  Isevulose,  each  of  them  possessing  the  cupric 
oxide  reducing  power  belonging  to  glucose  derived  from  other  sources. 
A  ready  means  of  effecting  a  quantitative  estimation  of  cane  sugar  is 
thus  afforded,  it  being  only  necessary  that  the  sugar  should  be  sub- 
jected to  inversion,  and  the  cupric  oxide  reducing  power  of  the 
product  determined.  From  this,  an  expression  of  the  amount  of 
cane  sugar  is  obtainable  by  calcalation.  The  relation  existing  be- 
tween cane  sugar  and  glucose  gives  as  the  factor  for  convert- 
ing  glucose    figures  into    figures  representing  the  corresponding 

amount  of  cane  sugar,  the  expression,  f       )  or  0'95. 

\bbO/ 

Thus  :— 

Amount  of  invert  sugar  (glucose)  x0  95  =  Amount  of  cane  sugar. 

For  conversion  of  cane  sugar  into  glucose  by  boiling  with  sulph- 
uric acid,  a  2  per  cent,  solution  of  acid  is  used,  as  for  the  other 
carbohydrates ;  but  the  time  required  for  the  completion  of  the 
process  is  much  shorter  than  that  needed  for  the  other  bodies.  Full 
conversion  may,  in  fact,  be  reckoned  to  have  taken  place  after  boiling 
for  five  minutes.  1  have  indeed  observed  that  three  minutes  have 
sufficed.  The  boiling  should  not  be  continued  beyond  the  point  which 
will  reliably  secure  complete  conversion  on  account  of  risk  of 
destruction  and  the  development  of  colour  which  would  interfere 
with  the  subsequent  process  of  titration  with  the  copper  test.  It 
may  happen  that  no  colour  is  perceptible  at  the  end  of  an  unneces- 
sarily prolonged  boiling,  and  yet  that  more  or  less  colour  appears 
Avhen  the  acid  is  neutralised. 

Cane  sugar  is,  howevei-,  convertible  into  glucose,  not  only  by  <he 
mineral  acids  but  also  by  dilute  organic  acids,  and  citric  acid  is  a 
convenient — indeed,  I  consider,  the  most  convenient — agent  for  em- 
ployment for  the  purpose.  A  2  per  cent,  strength  suffices,  and  seven 
minutes  are  sufficient  to  allow  for  the  peiiod  of  boiling.    No  risk  is 
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involved  o£  the  production  of  colour  or  the  occarrence  of  any  destruc- 
tion. Cane  sugar  in  this  respect  differs  from  starch  and  glycogen 
and  the  various  products  emanating  from  them.  None  of  these 
bodies,  as  I  have  satisfied  myself  by  direct  observation,  are  affected 
by  boiling  witft  citric  acid. 

By  taking  advantage  of  this  property,  it  becomes  practicable  to  detect 
and  estimate  cane  sugar  in  the  presence  of  other  bodies  (lactose  ex- 
cepted) of  the  carbohydrate  group.  The  method  of  procedure  consists 
in  dividing  the  solution  to  be  examined  into  two  equal  portions.  One 
portion  is  titrated  at  once,  and  the  cupric  oxide  reducing  power  belong- 
ing to  the  product  ascertained.  The  second  portion  is  boiled  with  citric 
acid  (added  in  proportion  to  give  a  2  per  cent,  solution),  neutralised, 
and  then  titrated.  An  identity  between  the  two  results  is  indicative 
of  an  absence  of  cane  sugar.  An  increase,  on  the  other  hand, 
noticeable  after  treatmeiit  with  the  acid  denotes  the  presence  of  cane 
sugar,  and  affords  a  measure  of  its  amount. 

It  should  be  mentioned  that  in  all  investigations  involving  the 
question  of  the  transformation  of  cane  sugar  it  is  necessary  to  be  sure 
that  the  specimen  employed  exerts  no  cupric  oxide  reducing  action. 
Specimens  often  contain  more  or  less  glucose  as  an  impurity,  and 
vitiated  results  may  thus  be  given.  The  sugar  sold  in  coarse, 
colourless  crystals — that  which  is  known  as  "  white  crystal  "  and  is 
used  for  sweetening  coffee — may  be  instanced  as  being  of  the  requisite 
purity.  No  cupric  oxide  reducing  power  existing  at  starting,  what- 
ever cupric  oxide  reducing  power  is  subsequently  met  with  may  be 
read  as  affording  a  measure  of  the  amount  of  cane  sugar  that  has 
undergone  transformation. 

With  these  preliminary  remarks  we  may  now  follow  the  cane  sugar 
after  its  ingestion. 

Cane  sugar  taken  into  the  mouth  undergoes  no  change  before 
reaching  the  stomach.  I  have  submitted  the  point  to  actual  observa- 
tion, and  my  observations,  in  accordance  with  what  is  commonly 
stated,  have  furnished  no  evidence  that  any  action  is  exerted  upon 
cane  sugar  by  saliva,  and  I  may  here  further  state  that  the  same 
holds  good  with  regard  to  the  pancreas. 

Some  confusion  exists  with  regard  to  what  occurs  in  the  stomach 
in  relation  to  cane  sugar.  The  general  belief,  expressed  in  broad 
terms,  is  that  cane  sugar  is  not  acted  upon  to  any  extent  by  the 
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stomach,  bat  that  in  the  intestine  it  comes  into  contact  with  a 
ferment  which  transforms  it  into  invert  sugar.  Neither  of  these 
statements  must  be  taken  as  literally  and  wholly  correct.  Observa- 
tions I  have  conducted  have  shown,  in  the  first  place,  that  a  ferment 
exists  in  the  stomach-walls  capable  of  producing  a  certain  small 
amount  of  transformative  effect  ;  and,  in  the  second,  that  although 
the  intestine  of  animals  generally  possesses  an  active  transformative 
power,  in  the  ruminant  such  is  not  the  case.  In  this  class  of 
animals  the  transformative  power  is  located  in  certain  portions  of  the 
stomach. 

The  subjoined  experimental  evidence,  obtained  from  various 
animals,  shows  in  a  decided  manner  that  a  certain  amount  of  trans- 
formative power  is,  as  a  general  condition,  possessed  by  the  stomach 
as  well  as  by  the  intestine.  It  is  true,  the  power  in  the  intestine  is 
very  much  greater  than  that  in  the  stomach.  This  will  be  seen  from 
the  quantitative  results  to  be  adduced.  In  the  case  of  the  intestine, 
the  transformative  energy  is  sufiBciently  strong  to  produce  an  effect 
that  is  readily  perceptible  through  rough  qualitative  testing.  In  the 
case  of  the  stomach,  however,  the  effect  might  easily  be  overlooked  if 
a  more  delicate  method  of  procedure  were  not  adopted.  The  follow- 
ing are  the  results,  briefly  expressed,  of  some  of  the  experiments  I 
have  conducted. 

A  solution  of  cane  sugar  was  introduced  into  the  thoroughly 
cleansed  stomach  of  a  recently  killed  rabbit.  The  stomach,  ligatured 
at  its  two  orifices,  was  then  placed  in  a  beaker  of  water,  and,  after 
being  exposed  for  thirty  minutes  to  a  temperature  of  48°  C,  was  set 
aside  in  the  laboratory  for  twenty-four  hours.  At  the  end  of  this 
time  a  considerable  amount  of  sugar  had  diffused  through  the 
stomach-walls,  and  was  to  be  found  in  the  surrounding  water.  Ex- 
amination showed  that  9  per  cent,  consisted  of  glucose.  Analysis  of 
the  liquid  remaining  in  the  stomach  showed  the  presence  of  glucose 
to  the  extent  of  24  per  cent,  of  the  sugar  found. 

A  coil  of  intestine  was  dealt  with  in  a  similar  way.  At  the  end  of 
the  twenty-four  hours,  examination  showed  that  40  per  cent,  of  the 
sugar  contained  in  the  diffusate,  and  30  per  cent,  of  that  present  in 
the  contents  of  the  intestine  consisted  of  glucose.  In  a  duplicate 
experiment  with  the  intestine,  53  per  cent,  of  the  diffused,  and  45  per 
cent,  of  the  undiffused,  sugar  consisted  of  glucose. 
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It  will  be  noticed  in  the  above  experiments  that,  on  the  one  hand, 
a  certain  amount  of  sugar  had  passed  through  the  membranous 
medium  in  an  untransformed  state,  and  that,  on  the  other,  a  certain 
amount  of  transformed  sugar  was  encountered  in  the  undiifused 
liquid. 

In  other  experiments,  scrapings  from  the  mucous  membrane  of  the 
stomach  and  the  intestine  were  placed  in  contact  with  a  solution  of 
cane  sugar,  and  exposed  to  conditions  favourable  to  ferment  action. 
With  the  intestine,  in  the  case  of  the  rabbit,  pig,  horse,  dog,  and  cat, 
a  marked  transformative  action  was  found  to  be  exerted,  whilst  in 
the  case  of  the  ruminant  an  absence  of  effect  was  observed.  With 
the  stomach  (the  stomach  of  the  ruminant  will  receive  separate  con- 
sideration later  on),  there  appeared  to  be  evidence  of  a  certain, 
though  comparatively  insignificant,  amount  of  transformation,  the 
evidence  being  more  decided  in  the  case  of  the  pig  than  in  the  other 
animals. 

The  mucous  membrane  not  only  possesses  transformative  power 
in  its  fresh  state,  but  also  after  having  been  kept.  Indeed,  the 
setting  in  of  decomposition  appears  to  lead  to  the  production  of  an 
increased  transformative  energy.  The  following  experimental  results 
may  be  adduced  in  support  of  this  statement : — 

25  grams  of  fresh  rabbit's  intestine  were  mixed  with  0'5  gram 
of  cane  sugar  dissolved  in  50  c.c.  of  water,  and  allowed  to  stand  for 
15  minutes  at  38°  C.  The  product  obtained  by  subsequent  treat- 
ment with  sulphate  of  soda  contained  0*126  gram  of  transformed 
cane  sugar.  In  corresponding  experiments,  made  with  the  same 
rabbit's  intestine  which  had  been  previously  allowed  to  remain 
exposed  to  the  air  for  periods  of  24,  72,  and  96  hours,  the  amounts  of 
glucose  found  were  respectively  0*363,  0*405,  and  ^0*312  gram. 
Another  25-gram  portion  of  the  intestine  was  allowed  to  stand  for 
120  hours,  and  was  then  mixed  with  only  half  the  quantity  of  sugar 
previously  employed.  After  proceeding  as  in  the  other  experiments, 
examination  of  the  product  showed  that  the  whole  of  the  sugar 
present  existed  in  the  form  of  glucose. 

Alcohol  precipitates  the  ferment  without  destroying  its  activity. 
The  precipitated  material,  dried  at  a  suitably  moderate  temperature, 
may  be  kept,  and  will  be  found  to  retain  its  A'irtue  for  an  indefinite 
period.     I  have  I'ecently  experimented  with  a  specimen,  derived 
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from  the  mucous  membrane  of  the  horse,  which  has  been  kept  for 
four  years.    It  yielded  the  following  evidence  of  activity  : — 

30  grams  of  the  dried  substance  in  a  powdered  state  were  mixed 
with  5  grams  of  cane  sugar  dissolved  in  100  c.c.  of  water,  and  kept 
at  a  temperature  of  about  38°  C.  20  c.c.  portions  wei-e  removed  at 
intervals  and  examined.  At  the  end  of  1^  hours  it  was  found  that 
17  per  cent.,  at  the  end  of  4J  hours  32  per  cent.,  and  at  the  end  of 
21  hours  (during  the  latter  part  of  the  time  the  temperature  had 
fallen  to  26°  C.)  72  per  cent,  of  the  sugar  present  consisted  of  glucose. 

The  ruminant  animal,  as  has  already  been  stated,  stands  in  a 
position  different  from  that  of  animals  generally,  in  relation  to  the 
point  under  consideration.  The  intestine  possesses  only  an  insignifi- 
cant amouut  of  transformative  energy.  The  effect  produced  upon 
cane  sugar  by  its  mucous  membrane  is  about  comparable  to  that 
which  I  have  described  as  produced  by  the  stomach  of  other  animals. 
A  compensatory  action  is  exerted  elsewhere.  The  reed,  or  fourth 
division,  is  the  portion  of  the  ruminant  stomach  which  represents  the 
ordinary  stomach  ;  and,  in  harmony  with  this,  it  is  found  that  only 
an  insignificant  power  of  transforming  cane  sugar  is  possessed  by  its 
mucous  coat.  In  connexion,  however,  with  the  other  portions,  a 
more  or  less  marked  transformative  energy  is  shown  by  observation 
to  exist.  The  following  stands  in  illustration  of  what  I  have 
stated. 

Portions  of  the  cleansed  paunch,  reticulum,  manyplies,  reed— or 
true  stomach,  and  intestine  of  a  sheep,  were  minutely  divided,  and 
10-gram  quantities  of  each  taken.  After  the  addition  of  a  little 
water,  they  were  severally  mixed  with  5  c.c.  of  cane  sugar  solution, 
containing  the  equivalent  of  0'104  gram  of  glucose,  and  exposed 
for  two  hours  to  a  temperature  of  48°  C.  Subjoined  are  the  re- 
spective amounts  of  glucose  that  were  found  to  be  present : — 

Pannch    0  086  gram. 

Reticulum    0-020  „ 

Manyplies    0  068  ., 

Reed,  or  true  stomach  ....  0  01 6  ,, 

Intestine   a  trace. 

Other  observations  have  been  conducted,  and  though  the  figures 
obtained  have  not  uniformly  held  the  same  relation,  a  general  agree- 
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ment  with  those  given  above  has  been  noticeable.  The  paunch  and 
manyplies  have  given  evidence  of  possessing  more  transformative 
energy  than  the  reticulum,  and  the  reticulum  than  the  true  stomach. 

The  experimental  evidence  adduced  in  the  preceding  text  has 
shown  that  the  walls  of  the  stomach  possess  a  certain,  though  slight, 
power  of  inverting  cane  sugar.  The  enquiry  hitherto  has  only 
touched  the  effects  producible  by  the  structural  parts  of  diiferent 
portions  of  the  alimentary  canal.  Another  point  that  presents  itself 
for  investigation  is  whether  any  effect  is  produced  within  the  stomach 
by  the  action  of  the  contents  at  a  period  of  digestion.  I  have  made 
a  number  of  experiments  upon  this  point,  and  will  give,  as  examples, 
the  results  obtained  in  some  of  them.  Evidence,  it  will  be  seen,  is 
afforded  of  the  occurrence  of  a  marked  amount  of  transformation. 

A  dog  was  fed  upon  meat,  and,  during  digestion,  30  grams  of  cane 
sugar  in  solution  were  injected  into  the  stomach  through  a  tube 
passed  down  the  oesophagus.  Twenty  minutes  later  the  animal  was 
killed.  ■  The  liquid  contents  of  the  stomach  were  collected  and  ex- 
amined. In  a  total  of  7-500  grams  of  sugar  found  to  be  present, 
0"600  gram  existed  in  the  transformed  state.  The  contents  of  the 
intestine  were  also  examined,  and  it  was  found  that  in  a  total  of 
1'470  grams  of  sugar  rather  less  than  half  consisted  of  glucose. 

A  solution  containing  28  grams  of  cane  sugar  was  given  to  another 
dog,  which  had  been  fed  with  meat  four  hours  previously.  The 
animal  lapped  the  liquid  out  of  a  vessel.  Twenty  minutes  afterwards 
it  was  killed.  Of  the  6'492  grams  of  sugar  found  in  the  liquid 
portion  of  the  stomach-contents,  1'081  grams,  or  about  one-sixth, 
consisted  of  glucose.  In  the  intestinal  contents,  taken  for  examina- 
tion, the  sugar  found  amounted  to  0'645  gram,  of  which  0"244  gram 
consisted  of  glucose.  From  the  figures  thus  yielded  in  this  and  the 
preceding  observation,  evidence  is  presented  that  cane  sugar,  to  a 
greater  or  less  extent,  reaches  the  intestine  in  an  untransformed 
state,  and  therefore,  in  part,  escapes  absorption  by  the  stomach. 

In  the  observations  just  referred  to,  the  sugar  was  introduced  into 
the  stomach  of  the  living  animal.  The  effect  has  also  been  ascer- 
tained of  bringing  cane  sugar  into  contact  with  the  contents  of  the 
stomach  outside  the  body.  In  the  observations  conducted,  the  con- 
tents of  the  stomach  of  rabbits  were  employed,  and '  exposure  for 
half  an  hour  to  a  temperature  of  48°  C.  allowed.    The  sugar  was  then 
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extracted  with  alcohol,  to  eliminate  from  the  product  the  starchy 
matter  present.  From  a  comparison  of  the  figures  representing  the 
amounts  of  sugar  found  before  and  after  inversion  with  those  repre- 
senting the  sugar  contained  in  a  corresponding  amount,  similarly 
dealt  with,  of  the  stomach-contents  taken  alone,  evidence  was 
afforded  of  an  extensive  transformation  of  cane  sugar  having  in  each 
instance  taken  place.  In  one  of  the  experiments  the  whole  had 
become  transformed. 

The  eifect  of  what  has  preceded  is  to  show  that  when  cane  sugar 
is  brought  into  contact  with  the  contents  of  the  stomach,  whether 
within  the  living  animal  or  not,  a  marked  extent  of  transformation 
into  glucose  occurs.  That  such  a  result  should  ensue  is  only  in 
accord  with  what  might  be  expected,  seeing  that  dilute  acids  have 
the  power  of  inverting  cane  sugar,  even  at  moderate  temperatures. 
This  I  learnt  in  the  courae  of  my  experiments,  and  the  fact  has  rot 
escaped  the  notice  of  others.  To  show  the  kind  of  effect  produced, 
I  may  give  the  following  particulars  of  two  observations  on  the 
point : — 

1.  A  liquid  containing  3  drops  of  hydrochloric  acid  in  100  c.c.  of 

water  was  placed  in  contact  with  5  grams  of  cane  sugar  and 
kept  at  38°  C.  20  c.c.  portions  were  removed  at  the  end  of 
five,  and  of  twenty-four,  hours.  The  amounts  of  invert  sugar 
respectively  found  in  them  were  0157  and  0'392  gram. 

2.  A  solution  of  citric  acid,  to  represent  an  organic  acid,  of  5  per 

cent,  sti-ength  was,  in  the  other  case,  used,  and  the  same 
method  of  procedure  as  in  the  previous  observation  adopted. 
The  20  c.c.  portions  removed  at  the  end  of  five  and  of  twenty- 
four  hours  respectively  contained  0'112  and  0  326  gram  of 
invert  sugar. 

I'rnduct  derived  from  Ingested  Cane  Sugar  found  in  the  Portal  Blood. 

The  next  matter  for  consideration  is  one  which  stands  as  the  main 
point  of  physiological  interest  and  importance  in  connexion  with  the 
ingestion  of  cane  sugar,  viz.,  the  form  of  sugar  which  actually  reaches 
the  portal  blood. 

Careful  experimenting  is  required  in  order  to  obtain  the  desired 
information,  and  it  is  necessary,  in  the  first  place,  to  have  a  know- 
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ledge  of  the  condition  natural  to  the  portal  blocd  apart  from  the 
ingestion  of  cane  sugar.  This  constitutes  the  basis  for  the  interpi-e- 
tation  of  the  results  obtained  after  its  ingestion.  Later  on,  attention 
will  be  given  to  the  state  of  the  portal  blood  under  various  conditions 
{vide  p.  101,  tt  seq.),  and  it  will  be  advisable  to  defer  till  then 
entering  into  detailed  considerations  of  its  condition  after  the  inges- 
tion of  cane  sugar.  It  will  here  be  sufficient  to  state  that  an  increased 
amount  of  sugar  is  met  with,  and  that  glucose  is  the  form  of  sugar 
present.  In  my  own  experiments  no  indication  has  been  afforded  of 
the  passage  of  cane  sugar,  as  such,  into  the  portal  blood,  but  the 
statement  is  made  that  after  the  ingestion  of  large  amounts  of  cane 
sugar  traces  may  be  found  both  in  the  blood  and  the  urine.  I  learnt 
from  observations  (vide  p.  116)  conducted  many  years  ago,  that, 
under  the  circumstances  named,  glucose  in  notable  amount  became 
discoverable  in  the  urine,  but  it  did  not  occur  to  me  to  examine  and 
ascertain  whether  cane  sugar  was  also  present. 

Lactose. 

Lactose  is  a  readily  soluble  and  diffusible  body,  and,  by  virtue  of 
these  properties,  does  not  require  to  undergo  change  within  the 
alimentary  canal  to  be  rendered  fit  for  absorption.  I  have  subjected 
lactose  to  the  action  of  the  coats  of  the  stomach  and  intestine  of  the 
rabbit,  cat,  and  sheep,  and  have  not  obtained  evidence  of  a  decided 
nature  of  any  transformation  being  brought  about.  It  is  stated, 
however,  that,  under  the  influence  of  inverting  ferments,  in  the  same 
manner  as  by  the  action  of  acids,  lactose  is  convertible  mto  galactose 
and  dextrose,  and  that  the  succus  entericus  has  the  power  of  produc- 
ing this  efTect.  Whether  or  not  the  transformation  occurs  physio- 
logically, proof,  it  may  be  assumed,  is  afforded  of  the  possibility  of  its 
occurrence  within  the  system  by  the  fact  that  in  the  diabetic  ingested 
lactose  appears  as  glucose  ia  the  urine. 

Lactose,  as  is  well  known,  readily  undergoes  the  lactic  acid  fer- 
mentation in  presence  of  certain  micro-organisms.  Apparently  a 
certain  amount  of  ttie  lactose  reaching  the  alimentary  canal  becomes 
transformed  in  this  way. 

H  2 
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Glucose. 

Glucose  stands  as  the  end  product  inside  the  carbolijdrate  series 
of  the  action  of  ferments,  &c.,  on  the  varions  members  of  the  group. 
No  change  can  therefore  be  looked  for  under  exposure  to  the  influ- 
ence of  the  digestive  secretions,  and  none  is  required  to  be  exerted, 
seeing  that,  by  virtue  of  its  high  solubility  and  diffusibility,  it  exists 
in  a  fit  state  for  passage  into  the  circulation  by  absorption.  After 
ingestion,  it  can  be  traced  into  the  portal  blood.  Like  lactose, 
though  less  readily,  glucose  is  susceptible  of  undergoing  the  lactic 
acid  fermentation,  and  this  change,  under  certain  circuinstances,  may, 
to  some  extent,  occur  in  the  alimentary  canal. 
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I  have  traced  the  ingested  carbohydrates  on  to  the  point  at  which 
they  stand  as  soluble  diffusible  bodies  within  the  alimentary  canal,  in 
close  proximity  to  the  vessels  distributed  upon  its  inner  surface,  and 
thus  in  a  favourable  position  for  absorption  into  the  circulation  to 
occur.  I  will  now  pass  to  the  examination  of  the  portal  blood,  and 
see  what  evidence  is  adducible  of  their  passage  into  it. 

In  entering  upon  this  enquiry,  it  is  necessary  in  the  first  place  to 
know  the  constitation  of  the  portal  blood,  in  relation  to  sugar,  apart 
from  the  influence  of  ingested  carbohydrate  matter.  The  blood  of 
the  portal  system  contains  a  certain  amount  of  sugar  derived  from 
that  existing  as  a  constituent  of  the  blood  of  the  general  circulation. 
As  I  shall  show  in  detail  later  on  (p.  161),  the  blood  of  the  general 
circulation  contains  a  standard  or  definite  amount  of  sugar,  which, 
under  natural  and  ordinary  conditions,  may  be  stated  to  range  from 
about  0'6  to  1"0,  or  a  little  orer  I'O,  per  1000,  and  which  presents  no 
evidence  of  any  essential  variation  in  the  different  parts  of  the 
system  spoken  of.  In  considering,  therefore,  the  question  of  the 
effect  produced  upon  the  portal  blood  by  the  absorption  of  ingested 
carbohydrate  matter,  the  existence  of  this  initial  amount  of  sugar, 
common  to  the  blood  as  a  whole,  must  be  taken  into  account. 

We  start,  then,  with  blood  containing  from  about  0'6  to  about 
I'O  per  lOOO  of  sugar,  due  to  that  belonging  naturally  ^o  the  general 
circulation. 

With  this  preliminary  observation,  I  will  proceed  to  give  results 
showing  the  condition  of  the  portal  blood  found : — 
a.  At  a  period  of  fasting, 
h.  After  the  ingestion  of  animal  food. 

c.  After  the  ingestion  of  food  rich  in  carbohydrate  matter. 

Some  years  ago  I  conducted  an  extensive  series  of  experiments 
upon  the  point  under  consideration,  and  the  results  showed  a 
marked  increase   of   sugar   after  the   ingestion  of  carbohydrate 
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material.  Looking,  however,  at  the  importance  of  the  matter  from 
the  point  of  view  of  the  conclusions  that  may  be  based  upon  it,  I 
have  recently  undertaken,  in  the  Research  Laboratories  of  the 
Colleges  of  Physicians  and  Surgeons,  a  number  of  additional  experi- 
ments, which  have  been  conducted  with  the  advantage  of  the  ana- 
lytical experience  gained  from  previous  work.  The  results  of  these 
experiments,  it  may  be  stated,  exhibit  a  general  conformity  with 
those  formerly  obtained.    I  will  here  give  them  in  their  entirety. 

In  each  case  the  animal  was  suddenly  killed  by  pithing.  Instantly 
afterwards,  an  incision  was  made  through  the  abdominal  parietes,  and 
the  portal  vein  ligatured.  The  blood  flowing  to  the  liver  was  thus 
caused  to  accumulate  below  the  ligature,  whilst  at  the  same  time  any 
backward  flow  from  the  organ  was  prevented.  Blood  was  then 
collected  direct  from  the  vessel.  In  some  of  the  instances,  it  will 
be  noticed,  two  portions  were  collected  and  analysed.  In  these 
cases  the  flow  was  for  a  few  moments  stopped,  by  compression  of  the 
vessel,  before  the  collection  of  the  second  portion. 

It  will  be  observed  in  the  analytical  results  to  follow  that  the  kind 
of  sugar  found  in  the  portal  blood  is  one  possessing  a  cupric  oxide 
reducing  power  standing  ordinarily  below,  and  sometimes  consider- 
ably below,  that  of  glucose.  As  will  be  seen  from  what  will  be  stated 
later  on,  a  point  of  difference  here  exists  between  the  sugar  of  the 
portal  blood  and  that  present  in  the  general  circulation,  which,  under 
natural  circumstances,  is  found  to  have  the  cupric  oxide  reducing 
character  of  glucose. 
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Portal  Blood  at  a  Period  of  Fasting. 


Sugar 
per  1000, 
expressed 
as  glucose. 


I.    Dog,  nearly  48  hours  aftei-  last  food  : 

Portal  blood  ....  I  before  sulphuric 
L  alter  „ 
II.    Dog,  nearly  48  hours  after  last  food : 

Portal  blood  . .  . .  j  ^^!'>'^  sulphuric 
alter  „ 

III.  Rabbit,  fully  24  hours  after  last  food  : 

Portal  blood  . .  . .  j  ^f!"'^  sulphuric 
|_  alter  ,, 

IV.  Eabbit,  fully  24  hours  after  last  food ; 

Portal  blood  ....  (before  sulphuric 
L  alter  „ 

V.    Rabbit,  fully  24  hours  after  last  food  ; 

Portal  blood  . .  . .  {  sulphuric 


acid  0-580 
0-643 

acid  0-666 

0-  710 

acid  1-583 

1-  733 

acid  2-454 
„  2-499 

acid  2-244 
„  2-244 


Relation  of  the 

cupric  oxide 
reducing  power 
of  the  sugar 
present 
to  that  of 
glucose  at  100. 

1  90 


94 


91 


98 


100 


In  the  case  of  the  two  dogs  (Experiments  I  and.  II),  it  will  be 
observed  that  the  blood  was  collected  after  a  fast  of  nearly  48  hours. 
It  may  be  concluded  that  influence  from  ingestion  would  be  here 
absolutely  excluded.  The  amount  of  sugar  found  stood  within  the 
natural  range  given  for  the  contents  of  the  general  circulation.  The 
prolonged  fasting  consequently,  on  its  part,  did  not  cause  any 
sensible  diminution. 

In  the  case  of  the  rabbits  (Experiments  III,  lY,  and  V),  a  different 
condition  existed.  Notwithstanding  that  fully  twenty- four  hours  had 
elapsed  since  the  last  food  was  taken,  the  blood  gave  evidence  of 
containing  sugar  derived  from  ingestion.  In  this  animal,  it  is  to  be 
remarked,  the  stomach  is  known  to  contain  a  considerable  quantity 
of  material  even  after  a  much  more  prolonged  period  of  fasting,  and 
doubtless  the  condition  found  is  thus  to  be  accounted  for.  Seeing 
that  the  animal  ordinarily  will  not  be  without  food  for  twenty-four 
hours,  the  circumstances,  it  will  be  perceived,  are  here  such  as  to 
lead  to  the  portal  blood  containing  as  a  constant  condition  more 
sugar  than  that  of  the  general  circulation. 
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IXGESTKD  CARBOHYDRATE  IN  PORTAL  BLOOD 


Portal  Blood,  after  Animal  Food, 


II. 


in. 


IV. 


VI. 


VII. 


VIII. 


IX. 


Sugar 
per  1000, 
expressed 
as  glucose. 

Dog,  fed  for  3  days  on  lean  beef ;  killed  4  hours 
after  last  food  ;  abundant  chyme  in  intes- 
tine : 

Portal  blood.  1st  f  before  sulphuric  acid  1"117 
portion  collected  L  after  ,,         ,,  1'340 

Portal  blood.  2nd  f  before  sulphuric  acid  1335 
portion  collected  \  after  „         ,,  1'631 

Dog,  fed  for  3  days  on  lean  beef ;  killed  4  hours 
after  last  food ;  no  chyme  visible  in  intestine  : 

Portal  blood.    1st  f  before  sulphuric  acid  0'893 

portion  collected  \  after          ,,         ,,  1'087 

Portal  blood.   2nd  f  before  sulphuric  acid  0'743 

"                     „         „  1023 


portion  collected  \  after 

Dog,  fed  for  2  days  on  lean  beef ;  killed  6^  hours 
after  last  food ;  apparently  in  full  diges- 
tion : 

before  sulphui-ie  acid  0'633 

1  after          „         „  0-683 

Dog,  fed  for  2  days  on  lean  beef ;  killed  5^  hours 
after  last  food  : 

J  before  sulphuric  acid  0'593 

t  after          „         „  0-660 


Portal  blood 


Portal  blood 


Portal  blood 


Dog,  fed  for  2  days  on  lean  beef ;  killed  51 
hours  after  last  food  : 

J  before  sulphuric  acid  0-633 
t  after  „        „  0707 

Dog,  fed  on  lean  beef ;  killed  5  hours  after  last 
food  : 

Portal  blood.     Ist  /  before  sulphuric  acid  0-750 

portion  collected  \  after          „         ,,  0  776 

Portal  blood.    2nd  f  before  sulphuric  acid  0-693 


portion  collected  \  after 


0-817 


Portal  blood 


Dog,  fed  on  lean  beef;  killed  51  hours  after 
last  food : 

f  before  sulphuric  acid  0-720 

'•  \i\her          „         „  0-720 

Cat,  fed  on  meat ;  killed  5  hours  after  last 
food  : 

before  suli)huric  acid  0  851 

,.  1139 


Portal  blood 


Portal  blood 


r  before 
"  t  after 

iilled  5  1: 

J  bcfon 
  L  »fl<ir 


Cat,  fed  on  meat;  killed  5  hours  after  last 
food  : 

before  sulphuric  acid  0-675 
„  0-779 


Eelation  of  the 

cupric  oxide 
reducing  power 
of  the  sugar 
present 
to  that  of 
glucose  at  100. 
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Portal  Blood  after  the  Ingestion  of  Starchy  Food. 


II. 


III. 


IV. 


VI. 


VII. 


VIII. 


IX. 


Sugar 
per  1000, 
expressed 
as  glucose. 


Dog,  shortly  after  having  been  fed  with  a 
little  meat ;  22  grams  of  starch  in  200  c.c.  of 
water  injected  into  stomach  through  an 
oesophageal  tube  ;  killed  30  minutes  after- 
wards : 

J  before  sulphuric  acid 
\  after  „  ,, 


Portal  blood 


Dog,  fed  on  bread  and  milk  ;  killed  3i  hours 
afterwards ; 

Portal  blood.    1st  /before  sulphuric  acid 

portion  collected  1_  after  ,,  ,, 

Portal  blood.  2nd  /  before  sulphuric  acid 
portion  collected  |  after  ,,  ,, 

Dog,  fed  on  bread  and  milk  ;  fed  badly  ;  killed 
4  hours  afterwards  : 

f  before  sulphuric  acid 
t  after  „  „ 


Portal  blood 


1-210 
1-267 


1183 
1-477 

1-  763 

2-  500 


1-153 
1-270 


Dog,  fed  on  bread  and  broth ;  killed  2  hours 
afterwards  : 

/  before  sulphuric  acid  0-977 
\  after  ,,  ,, 

Dog,  fed  on  bread  and  broth ;  killed  about  1 
hour  afterwards  : 

/  before  sulphuric  acid 
\  after  ,,  ,, 

Dog,  fed  on  bread  and  broth ;  killed  2  hours 
afterwards  : 

r  before  sulphuric  acid 
1_  after  ,, 

Dog,  fed  on  bread,  milk,  and  meat;  killed  2^ 
hours  afterwards : 

J  before  sulphuric  acid 
[after  ,, 

Eabbit,  fed  on  moistened  oats  ;  killed  2  hours 
afterwards : 

J  before  sulphuric  acid  2-587 
\  after  „  „ 

Eabbit,  fed  on  moistened  oats  and  green  food  ; 
killed  3  hours  afterwards  : 

/before  sulphuric  acid 
|_  after  „  „ 

Rabbit,  fed  on  moistened  oats ;  kUled  4  hours 
afterwards : 

/  before  sulphuric  acid  1-630 
I  after  „         „      2  085 


Portal  blood 


Portal  blood 


Portal  blood 


Portal  blood 


Portal  blood 


Portal  blood 


Portal  blood 


1-100 


0-  968 

1-  277 


1-723 
2187 


1-403 
1-930 


3-234 


2-346 
2-878 
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70 
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89 

76 

■78 

73 

80 

82 
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Fortal  Blood  after  Ingestion  of  Starchy  Food  (continued) 

Eelation  of  the 

cupric  oxide 
reducing  power 
Sugar         of  the  sugar 
per  1000,  present 
expressed         to  tliat  of 
as  glucose,    glucose  at  100. 


xr. 


XII. 


XIII. 


XIV. 


XV. 


XVI. 


XVII. 


xviir. 


XIX. 


XX. 


Rabbit,  fed  on  moistened  oats ;  killed  4  hours 
afterwards  : 

T,    ,11,    J           r  before  sulphuric  acid  2'109 

Portal  blood  ....  I ^j.^^^       ^„         „  2-903 


Portal  blood 


Portal  blood  ....-{  ,. 

alter 


Rabbit,  fed  on  moistened  oats  ;  killed  4  hours 
afterwards : 

J  before  sulphuric  acid  1*431 
1  after  „        „  1816 

Rabbit,  fed  on  moistened  oats ;  killed  4^  to  5 
hours  afterwards : 

("before  sulphuric  acid  3'665 
„  4-102 

Rabbit,  fed  on  moistened  oats ;  killed  4^  to  5 
hours  afterwards  : 

before  sulphuric  acid  4"590 
.  after  „         „  5-330 

Rabbit,  fed  on  moistened  oats  ;  killed  4^  to  5 
hours  afterwards : 

r  before  sulphuric  acid    4  07o 
••  L  after  „         „      4  090 


Portal  blood 


Portal  blood 


Rabbit,  fed  on  moistened  oats;  killed  5  to  5i 

hours  afterwards : 

,,,,,,     ,  f  before  sulphuric  acid  l-4t)l 

Portal  blood  ....  5   j..  ^ 

[after  ,,  1  Oo7 

Rabbit,  fed  on  moistened  oats  ;  killed  5  to  5} 
hours  afterwards : 

T,    .  ,  , ,    J          f  before  sulphuric  acid  1'-I42 

PortHlblood  ....  1^^^^^                   „  1-615 

Babbit,  fed  on  moistened  oats ;  killed  5  to  5^ 
hours  afterwards  : 

J  before  sulphuric  acid  1-413 
t  after  „         „  1567 


Portal  blood 


Rabbit,  fed  on  moistened  oats;  killed  5  to  5} 

hours  afterwards  : 

^  ,  ,  ,     ,  r  before  sulphuric  acid  1-G93 

Portal  blood  ....  I  ^f^^j.       ^  j.ggg 

Rabbit,  fed  on  moistened  oats  ;  killed  shortly 

after  being  fed  : 

T,  ,  ,  , ,  ,  r  before  sulphuric  acid  1-407 
Portal  blood  ..      -t  '   


I  aftc 


1-707 


PORTAL  BLOOD  AFTER  MALTOSE. 
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Dsazone  from  tlie  sugar  of  the  portal  blood  of  rabbits  at  a  period  of  digestion. 
Magnified  400  diameters. 


Portal  Blood  after  the  Ingestion  of  Maltose. 


Sugar 
per  1000, 
expressed 
as  glucose. 

Dog,  24  hours  after  last  food ;  32  grams  of 
maltose  in  85  c.c.  of  water  injected  into 
stomach  through  an  oesophageal  tube  j 
tilled  25  minutes  afterwards  : 


Portal  blood 


/  before  sulphuric  acid 
1  after 


1-600 
2'200 


Relation  of  the 

cupric  oxide 
reducing  power 
of  the  sugar 
present 
to  that  of 
glucose  at  100, 
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Portal  Blood  after  the  Ingestion  of  Cane  Sugar. 
To  <ascertain  if  cane  sugar  passes  as  such  into  the  portal  blood,  it  is 
necessary  to  resort  in  the  process  of  analysis  to  the  employment  of 
citric  acid  instead  of  sulphuric  acid.  Alcoholic  extraction  is  under- 
taken in  the  usual  way,  but  at  the  end  of  the  evaporation  sulphate  of 
soda  must  not  be  used,  as  the  presence  of  this  agent,  it  is  found, 
more  or  less  interferes  with  the  inverting  action  of  organic  acids 
upon  cane  sugar.  A  less  satisfactory  product  is  given  for  titration, 
but  this  is  unavoidable.  After  filtration,  preferably  through  glass 
wool,  has  been  performed,  the  liquid  is  brought  to  a  given  bulk  and 
divided  into  two  portions.  One  portion  is  titrated  at  once,  whilst 
the  other  is  boiled  for  seven  minutes  with  2  per  cent,  citric  acid, 
neutralised,  and  then  titrated.  Any  increase  revealed  by  the  second 
titration  is  representative  of  cane  sugar. 

Sugar 
per  1000, 
expressed 
as  glucose. 

I.  Dog,  shortly  after  having  been  fed  with  a  little 
meat ;  33  grams  of  cane  sugar  in  200  c.c.  of 
•water  injected  into  stomach  through  an 
oesophageal  tube ;  killed  30  minutes  after- 
wards : 

Portal  blood.  1st  J  before  citric  acid. .  . .  1"333 
portion  collected  \  after  „      ....  1'333 

Portal  blood.  2nd  f  before  citric  acid. .. .  1'520 
portion  collected  \  after  „      ....  l'o22 

II.  Dog,  not  fed  since  previous  day  ;  70  grams  of 
cane  sugar  in  210  c.c.  of  water  injected  into 
stomach  ;  killed  30  minutes  afterwards  : 

T,  .  ,  , ,  J  r  before  citric  acid. .. .  2'113 
Portal  blood  ....  I  ^f^^^  ,   2113 

III.  Dog,  not  fed  since  prcYious  day  ;  70  grains  of 
cane  sugar  in  210  c.c.  of  water  injected  into 
stomach  ;  killed  30  minutes  afterwards  : 


Portal  blood 


f  befc 
  I  aftc 


before  citric  acid. .  . .  l'844i 
....  1-600 


It  will  be  noticed  in  the  first  two  observations  that  the  figures 
yielded  before  and  after  citric  acid  stand  in  strikingly  close  accord. 
In  the  third  a  disparity  exists  which  can  only  arise  from  error  of 
analysis,  seeing  that  the  figures  after  citric  acid  are  lower  than  those 
before.  The  inference  from  these  results  is  that  carbohydrate  derived 
from  the  ingested  cane  sugar  reached  the  portal  blood  as  glucose  and 
not  in  the  state  of  cane  sugar. 
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THE  LIVER,  IN  RELATION  TO  THE  SUGAR  DERIVED 
FROM  INGESTED  CARBOHYDRATES. 


From  tho  results  wliicli  have  preceded,  evidence  is  afforded  that 
ingested  carbohydrate  matter  passes  in  the  form  of  sugar  from  the 
alimentary  tract  into  the  blood  of  the  portal  system.  By  the  portal 
system  the  sugar  is  conveyed  to  the  liver,  and  the  next  point  for  con- 
sideration is  the  question  of  what  now  becomes  of  it.  Does  it  pass 
through  the  organ  and  reach  the  general  circulation,  or  is  it  stopped 
and  disposed  of  in  some  other  manner  ? 

The  examination  of  this  question  may  be  approached  from  two 
Bides  :  from  the  one,  by  comparing  the  condition  of  the  blood  taken 
before  and  after  passing  through  the  liver ;  and,  from  the  other,  by 
looking  to  the  condition  of  the  liver  itself,  in  relation  to  the  influence 
exerted  by  the  ingestion  of  carbohydrate  food.  Let  us  see  what 
light  is  thrown  on  the  matter  by  appeal  to  experimental  investiga- 
tion, looking  first  at  the  information  derivable  from  an  examination 
of  the  blood. 

1.  Evidence  afforded  hij  the  Blood  of  Sugar  being  stopped  by  the  Liver. 

Seeing,  as  has  been  shown  in  the  preceding  pages,  that  the  blood 
of  the  portal  system  after  the  ingestion  of  carbohydrate  matter  con- 
tains more  sugar  than  that  of  other  parts  of  the  circulationy  we  have 
a  fact  to  deal  with  which  points  in  two  directions.  It  implies  not 
only  entry  of  sugar  by  absorption  through  the  capillary  radicles  of  the 
portal  system  in  the  walls  of  the  alimentary  canal,  but  also  exit  by 
abstraction  on  reaching  the  terminal  capillaries  in  the  liver. 

It  is  the  latter  point,  namely,  the  abstraction  of  sugar  from  the 
portal  blood  by  the  liver,  that  we  have  now  to  consider,  and  its  con- 
sideration requires  that  attention  should  be  given  to  the  condition  of 
the  blood  flowing  from,  as  compared  with  that  flowing  to,  the  organ. 

The  portal  vein,  after  entering  the  liver,  terminates  in  capillaries, 
from  which  the  hepatic  vein  takes  origin  and  passes  to  empty  itself 
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into  the  inferior  cava.  The  blood,  therefore,  to  be  compared  is  that 
contained,  on  the  one  hand,  in  the  portal,  and,  on  the  other,  in  the 
hepatic  vein.  The  collection  of  blood  in  a  suitable  state  for  examina- 
tion from  the  former  is  easily  made.  It  is  also  within  the  range  of 
possibility  to  make  the  collection  from  the  latter.  It  can  be  done 
during  life  by  passing  a  properly  constructed  catheter  down  through 
the  right  jugular,  the  superior  cava,  the  right  auricle  of  the  heart, 
and  the  inferior  cava,  to  the  seat  of  entrance  of  the  hepatic  veins. 
The  operation,  however,  like  other  operations  on  the  living  animal 
attended  with  a  disturbance  of  the  tranquil  and  natural  state,  con- 
duces to  the  production  of  an  altered  condition  of  the  blood  in  rela- 
tion to  sugar,  and  cannot  be  relied  upon  to  yield  the  desired  informa- 
tion, which  must  therefore  be  sought  for  in  some  other  way. 

How  sperdily  an  alteration  in  the  state  of  the  blood,  attended 
with  the  presence  of  an  abnormal  amount  of  sugar,  may  take  place 
tlirough  the  influence  of  altered  conditions  connected  with  the  liver, 
1  illustrated  at  the  outset  of  my  researches,  now  u[)wards  of  thirty 
years  ago.  From  the  readiness  with  which  the  blood  flowing  from 
the  liver  is  thus  thrown  into  an  altered  state,  it  is  necessary  that 
close  attention  should  be  given,  and  proper  precautions  observed,  to 
escape  being  misled ;  otherwise,  sugar  may  be  met  with  more  or 
less  greatly  in  excess  of  what  is  ordinarily  present,  and  the  inference 
thence  be  erroneously  drawn  that  its  discharge  from  the  liver  takes 
place  in  a  manner  that  does  not  naturally  occur. 

In  dealing  with  the  problem  before  us,  it  is,  then,  a  matter  of 
primary  importance  that  the  blood  taken  for  examination  should  be 
ill  a  state  representative  of  that  naturally  belonging  to  life.  To 
obtain  such  a  specimen  directly  from  the  hepatic  veins  is,  I  consider, 
a  procedure  attended  with  so  much  liability  to  the  introduction  of 
ei-ror  as  to  be  unsuited  for  employment.  With  the  blood  of  the  right 
side  of  the  heart,  however,  in  which  tliat  flowing  from  the  liver  is 
present,  mixed  with  that  derived  from  the  systemic  veins,  no  such 
difficulty  exists.  This  is  easily  obtained  in  a  state  representative  of 
that  naturally  belonging  to  life,  and,  through  its  examination,  in- 
formation may  be  indirectly  obtained  regarding  the  constitution  of 
the  hepatic  blood  of  which  it  in  part  consists.  Later  on  {vide  p.  164), 
J  shall  enter  into  details  about  the  operative  procedure  to  he  adopted. 
Suffice  it  here  to  state  that  I  consider  the  best  method  is  to  make  the 
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collection  instantly  after  the  sudden  destraction  of  life.  With  the 
observance  of  quickness  throughout,  the  blood  may  thus  be  obtained 
before  time  has  been  given  for  any  change  of  condition  to  occur. 

The  amount  of  sugar  found  in  the  blood  collected  from  the  heart 
in  the  manner  just  described  ranges,  as  I  have  previously  stated, 
from  abjut  0  6  to  I'O,  or  a  little  over  I'O,  per  1000 — the  amount 
agreeing  with  that  met  with  in  the  blood  of  the  systemic  veins  as  it 
is  circulating  under  natural  conditions.  If  an  influx  of  sugar  took 
place  through  the  hepatic  veins,  the  effect  should  be  visible  in  the 
cardiac,  on  being  compared  with  the  general  systemic  venous,  blood  ; 
but  observation  does  not  show  that  any  recognisable  difference  exists 
between  the  two. 

I  may  mention  that  it  has  sometimes  happened,  in  my  experiments 
for  collecting  blood  for  examination  from  the  right  side  of  the  heart, 
that,  in  the  haste  of  manipulation,  the  scissors  have  been  plunged 
into  the  chest  in  too  much  of  a  downward  direction,  and  that  the 
diaphragm  and  contiguous  portions  of  the  liver  adjoining  the  inferior 
cava  have  been  incised,  without  the  heart  being  touched.  Under 
these  circumstances,  the  blood  which  escaped  was  derived,  in  con- 
siderable amount,  directly  from  the  divided  hepatic  veins,  but  the 
analytical  results  subsequently  obtained  showed  no  perceptible  differ- 
ence from  those  yielded  by  the  blood  procured  from  the  heart. 

The  position,  then,  of  the  matter  actually  before  us  for  considera- 
tion stands  thus : — The  portal  blood,  after  the  ingestion  of  carbo- 
hydrate matter,  contains  sugar  amounting  to  from  about  1'5  to  2, 3, 4, 
or  even  more  per  1000,  whilst  the  blood  on  the  other  side  of  the  liver, 
under  similar  circumstances,  does  not  afford  evidence  of  containing 
more  than  from  about  0'6  to  I'O,  or  a  little  over  1"0,  per  1000.  The 
conclusion  to  be  drawn  is  that  the  surplus  amount  of  sugar  found  in 
the  portal  blood  is  abstracted  from  it  during  its  passage  through  the 
vessels  of  the  liver. 

It  will  be  noticed  that  what  I  have  asserted  is  in  direct  opposition 
to  the  tenets  of  the  glycogenic  theory  propounded  by  Bernard.  The 
discrepancy,  as  shown  elsewhere  in  this  work,  is  attributable  to  a 
want  of  recognition  of  the  fact  that  the  amount  of  sugar  found  in 
the  blood  on  the  cardiac  side  of  the  liver,  in  the  absence  of  the  pre- 
cautions requiring  to  be  observed  in  procuring  it  for  examination,  is 
largel)'  in  excess  of  what  is  natural. 
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The  office  performed  by  the  liver,  of  abstracting  sugar  from  the 
portal  blood,  has  the  effect  of  maintaining  the  contents  of  the  general 
circulation  in  a  state  of  uniformity.  If  the  sugar  derived  from 
ingested  carbohydrate  matter  were  allowed  to  pass  through  the  liver 
and  reach  the  general  circulation,  a  disturbance  of  this  uniformity 
would  be  constantly  occun-ing.  Such  a  state  of  things,  indeed,  is 
precisely  what  exists  in  diabetes.  Whilst,  in  health,  the  blood  of 
the  general  circulation  is  shielded  from  variations  due  to  the  influence 
of  ingested  carbohydrate  matter,  and  the  urine  remains  impregnated 
(vide  p.  186)  with  only  an  insignificant  amount  of  sugar,  correspond- 
ing with  the  small  amount  existing  naturally  in  the  blood :  in 
diabetes,  sugar  reaches  the  general  circulation,  and  thence  the  urine, 
in  proportion  as  carbohydrate  matter  enters  the  portal  system  from 
ingestion.  The  blood  of  the  portal  system,  in  the  natural  order  of 
things,  is  variable  in  character,  from  the  influence  exerted  by  inges- 
tion ;  and  should  it  happen  that  such  variability  of  character  is  allowed 
to  be  transmitted  to  the  blood  on  the  other  side  of  the  liver,  the  result 
occurring  is  a  proportionate  escape  of  sugar  with  the  urine — in  other 
words,  the  production  of  the  condition  belonging  to  diabetes. 


2.  Evidence  afforded  through  the  Liver  itself  of  the  Stoppage  hy  it  of 
Sugar  derived  from  Ingestion. 

Having  dealt  with  the  question  under  consideration  from  the  point 
of  view  of  the  comparative  condition  of  the  blood  on  the  two  sides  of 
the  liver,  we  have  next  to  look  to  the  state  jf  the  liver  itself  to  see  if 
evidence  is  obtainable  of  the  detention  of  the  carbohydrate  matter 
conveyed  to  it  by  the  blood  from  the  alimentary  tract. 

In  entering  upon  the  examination  of  this  question,  I  am  carried 
back  to  investigations  conducted  almost  at  the  commencement  of  my 
association  with  physiological  research,  some  thirty-five  years  ago.  The 
announcement  had  been  made  by  Claude  Bernard,  in  1848,  that  the 
liver  possessed  a  sugar-forming  function.  Bernard  had  set  before 
himself  the  task  of  ascertaining  what  became,  within  the  system,  of 
the  sugar  derived  from  ingested  carbohydrate  matter.  In  the  prose- 
cution of  his  inquiry,  he  conducted  observations  upon  animals  which 
had  been  kept  on  food  of  a  saccharine  nature,  and  was  led  to  conclude 
that  ho  had  traced  the  sugar  through  the  liver  into  the  general  circula- 
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tion  as  far  as  the  right  side  of  the  heart.  In  order  to  prove  that  the 
sugar  here  met  with  had  been  derived  from  the  food,  he  performed  a 
counterpart  experiment  upon  an  animal  which  had  been  kept  upon 
meat  only,  and,  contrary  to  expectation,  still  found  sugar  in  the 
contents  of  the  circulatory  system,  in  the  same  manner  as  before. 
Here  arose  the  starting  point  for  his  glycogenic  theory.  At  first,  as 
a  part  of  the  theory,  he  regarded  the  production  of  sugar  as  due  to  a 
vital  process  of  the  nature  of  secretion,  looking  upon  albuminoid 
matter  as  contributing  to  its  formation.  Subsequently,  however,  he 
discovered  the  body  from  which  the  sugar  actually  takes  origin,  and, 
from  the  physiological  position  which  he  regarded  it  as  holding,  he 
gave  it  the  name  of  glycogen.  In  the  course  of  his  investigations,  he 
found  that  this  material  underwent  transformation  into  sugar,  not 
only  after  removal  of  the  liver  from  the  animal,  but  even  after  the 
passage  of  a  stream  of  water  through  the  vessels,  to  thoroughly  wash 
out  the  blood.  He  further  extracted  and  isolated  the  newly  dis- 
covered body,  and  found  that  it  consisted  of  a  carbohydrate.  The 
announcement  of  its  isolation  was  made  in  the  year  1857. 

Up  to  this  time,  our  knowledge  had  not  been  brought  into  a  more 
advanced  position  than  this.  But  the  new  line  of  research  which 
was  opened  out  excited  a  great  amount  of  interest  in  the  scientific 
world,  and  drew  various  workers  into  the  field  of  enquiry.  I  stood 
as  one  of  these,  and,  at  the  same  time,  as  one  who  had  been  an  eye- 
witness of  Bernard's  experimental  work  ;  and,  in  the  prosecution  of 
the  researches  I  conducted,  I  found  that  the  principle  which  had 
been  recognised  as  the  source  of  sugar  in  the  liver  was  itself  derived 
from  ingested  carbohydrate  matter.  This  discovery  was  made  in  the 
year  1858,  and  the  particulars  relating  to  the  subject  were  given  in  a 
communicaltion  published  in  the  'Phil.  Trans.'  for  1860  (p.  579).  I 
will  here  introduce  an  epitomised  representation  of  the  points  of 
evidence  brought  forward  in  the  communication  referred  to. 

I  will  direct  attention  first  to  the  observations  conducted  upon 
dogs,  and  in  these  observations  it  will  be  understood  that  all  the 
animals  were  in  good  condition,  and  in  no  way  specially  selected.  In 
each  case,  the  dog  was  fed  for  some  days  upon  the  particular  food  the 
influence  of  which  upon  the  liver  it  was  desired  to  examine,  and  was 
then  killed  by  pithing,  after  being  weighed.  The  liver  was  at  once 
removed  and  weighed,  without  the  gall  bladder  and  after  the  blood 
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had  been  allowed  to  drain  off.  In  most  instances  a  determination 
was  also  made  of  the  amount  of  glycogen  present.  The  process  em- 
ployed for  the  determination  of  glycogen  had  not,  it  should  be  stated, 
then  attained  the  satisfactory  position  of  that  now  at  our  disposal,  in 
which  the  estimation  is  effected  by  converting  into  glucose  and  deter- 
mining the  amount  of  this  principle  by  means  of  the  ammoniated  caprio 
test.  At  that  time  the  plan  adopted  was  simply  to  boil  the  liver  with 
potash  and  then  to  precipitate  the  glycogen  by  pouring-  into  sjiirit. 
This  precipitate  Avas  weighed  and  reckoned  as  glycogen,  and,  although 
not  consisting  purely  of  glycogen,  it  gave  a  fair  representation  of  the 
relative  amount  existing  in  different  livers. 

To  serve  as  a  basis  of  comparison,  eleven  dogs  were  killed  after 
being  restricted  to  a  diet  of  purely  animal  food.  In  these  instances 
the  average  relation  of  liver-weight  to  body-weight  Avas  as  1  to  30. 
The  actual  figures  ranged  from  1  to  33,  as  the  lowest,  to  1  to  21,  as 
the  highest,  the  latter  instance  standing  alone  in  giving  so  high  a 
relative  weight  of  liver.  A  determination  was  made  of  the  per- 
centage of  crude  glycogen  precipitate  yielded  by  seven  of  the  livers, 
and  the  figures  obtained  ranged  from  4  88  to  10'95,  averaging  7"19. 

To  obtain  information  as  to  the  effect  upon  the  liver  of  a  diet  of 
vegetable  food  with  its  preponderance  of  carbohydi'ate  material,  five 
dogs  were  fed  for  several  days  on  barley-meal  and  potatoes,  or,  when 
this  was  refused,  on  bread  and  potatoes.  The  average  weight  of  the 
liver  was  here  found  to  be  one-fifteenth  of  the  body-weight,  the 
figures  expressing  the  actual  ratios  standing  thus  : — 

1  to  14-5 
1  „  14-5 
1  „  210 
1  „  10-5 
1  „  22-5 

No  analyses  were  made  of  the  livers  of  the  first  two  of  these  dogs, 
but  the  q-iantity  of  glycogen,  as  evidenced  by  the  strongly  milky 
character  of  the  decoctions  yielded,  was  unusually  large.  In  fact,  it 
was  whilst  examining  these  livei's  in  relation  to  the  question  of  sugar 
that  I  was  first  led  to  notice  the  effect  of  vegetable  food,  to  which  I 
am  now  referring.  The  liver  of  the  third  dog  was  not  examined 
until  an  hour  and  a  half  after  death.    The  crude  glycogen  precipitate 
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then  yielded  amounted  to  9'87  per  cent.  In  the  fourth  instance  the 
liver  gave  25"30  per  cent,  of  crude  glycogen  precipitate,  and  in  the 
fifth  16'50  per  cent.  The  average  percentage  of  crude  glycogen  pre- 
cipitate for  the  three  livers  was  therefore  17'23,  a  result  standing  in 
marked  contrast  to  the  amount  obtained  after  animal  food. 

In  another  set  of  observations  sugar  was  given  in  conjunction  with 
animal  food.  The  sugar  employed  consisted  of  cane  sugar — the 
brown  or  moist  sugar  in  common  use.  Four  dogs  were  subjected  to 
this  regimen. 

1.  A  nearly  full-grown  dog  was  kept  for  eight  days  on  a  diet  con- 
sisting of  a  bundle  of  tripe,  with  at  first  g-  lb.  and  afterwards  ^  lb.  of 
sugar  per  diem.  The  liver-weight  was  found  to  stand  to  the  body- 
weight  as  I  to  ]3'5,  and  the  liver  yielded  I2'8  per  cent,  of  crude 
glycogen  precipitate. 

2.  A  young  dog  was  fed  for  nine  days  on  a  bundle  of  tripe  and  ^  lb. 
of  sugar  daily.  The  ratio  between  liver-  and  body-weight  stood  as  1 
to  14'5,  the  liver  yielding  17"55  per  cent,  of  crude  glycogen  pre- 
cipitate. 

3.  A  full-grown  dog*  was  kept  for  eight  days  on  a  daily  allowance 
of  a  bundle  of  tripe  and  ^  lb.  of  sugar.  The  weight  of  the  liver  stood 
to  the  weight  of  the  body  as  I  to  26.  The  percentage  of  crude  glyco- 
gen precipitate  yielded  was  12"33. 

4.  A  nearly  full-grown  dog  was  fed  for  five  days  on  a  diet  similar 
to  that  last  mentioned.  Here  the  liver-weight  was  one-fourteenth  of 
the  body- weight,  and  the  percentage  of  crude  glycogen  precipitate 
15-37. 

The  four  examples  here  given  present,  as  the  average  of  liver- weight 
to  body-weight,  the  ratio  1  to  15,  and  an  average  of  I4'5  as"^he  per- 
centage of  crude  glycogen  precipitate  yielded  by  the  liver :  results 
pretty  closely  corresponding  in  character  with  those  observed  after 
a  diet  of  ordinary  vegetable  food. 

In  both  of  these  last  sets  of  results  it  is  noticeable  that  the  liver 
is  markedly  increased  in  size  and  weight  as  compared  with  what  is 
found  to  obtain  after  a  diet  of  animal  food,  and  this  increase  stands 
in  harmony  with  the  large  proportion  of  crude  glycogen  precipitate 
yielded. 

With  reference  to  the  observations  on  the  effect  of  an  admixture  of 
sugar  with  animal  food,  it  may  be  incidentally  mentioned  that  Ihe 
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liver  was  found  to  present  an  appearance  strikingly  dilferent  from 
what  is  nsnal.  After  purely  animal  food  it  is  comparatively  dark 
coloured,  and  of  so  firm  and  fleshy  a  consistence  as  to  require  consider- 
able pressure  to  break  it  down  between  the  fingers.  After  the  ad- 
ministration of  sugar,  however,  the  liver  was  found  to  be  pale  coloured, 
with  a  tinge  of  pink,  and  soft  enough  in  consistence  to  be  readily 
broken  down  by  a  very  slight  pressure.  It  had  the  appearance  of 
being  swollen  and  flabby. 

Another  point  that  is  worthy  of  being  mentioned  is  that  in  three 
out  of  the  four  instances  where  sugar  was  administered,  the  urine 
collected  from  the  bladder  after  death  was  found  to  contain  sugar  in 
the  form  of  glucose,  although  cane  sugar  had  been  administered. 

Proceeding  now  to  the  experiments  on  the  rabbit,  we  find  that  the 
evidence  yielded  is  such  as  to  show  in  a  simple  and  conclusive  manner 
that  ingested  carbohydrates  lead  to  the  formation  of  glycogen  in  the 
liver. 

1.  A  couple  of  full-grown  rabbits,  as  closely  as  possible  resembling 
each  other  in  weight  and  condition,  were  taken  for  experiment.  One 
was  kept  fasting,  whilst  the  other  was  fed  daily  for  three  days,  through 
a  flexible  tube  passed  down  the  oesophagus  to  the  stomach,  with  1  oz 
of  starch  and  f  oz.  of  grape  sugar,  made  into  a  semi-fluid  mass  with 
water.  On  the  fourth  day  both  animals  were  killed.  The  weight  of 
the  fasting  animal  was  3  lbs.  1  oz.,  that  of  the  other  3  lbs.  4  ozs.  The 
liver  of  the  fasting  animal  weighed  If  ozs.,  that  of  the  other  2f  ozs., 
or  exactly  twice  as  much. 

The  liver  of  the  rabbit  fed  on  starch  and  grape  sugar  was  rich  in 
glycogen,  yielding  1.5'4  per  cent,  of  crude  precipitate,  whilst  that  of 
the  other  rabbit  only  yielded  r3  per  cent. 

In  another  experiment  two  half-grown  rabbits,  likewise  as  nearly 
as  possible  resembling  each  other,  were  made  the  subjects  of  a  com- 
parative observation.  One  was  kept  fasting,  whilst  the  other  was  fed 
daily  for  three  days  in  the  same  manner  as  before,  with  1  oz.  of  starch 
and  1  oz.  of  cane  sugar  instead  of  grape  sugar  as  in  the  former  ob- 
servation. On  the  fourth  day  both  animals  were  killed,  and  the 
examination  conducted.  The  weight  of  the  fasting  animal  was  1  lb. 
14  ozs.,  and  that  of  the  other  1  lb.  14|  oz.  The  liver  of  the  fasting 
i-abbit  weighed  1  oz.,  and  that  of  the  other  2f  ozs.,  or  considerably 
more  than  twice  as  much.    The  liver  of  the  rabbit  fed  on  starch 
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and  cane  sugar  yielded  16  9  per  cent,  of  crude  glycogen  precipitate, 
whilst  the  liver  of  the  other  yielded  only  I '4  per  cent. 

As  in  the  case  of  the  dogs  after  the  administration  of  sugar  with 
animal  food,  the  livers  of  the  rabbits  fed  on  starch  and  sugar  were  of 
a  very  pale  colour,  and  so  soft  as  to  be  readily  broken  down  by  slight 
pressare  between  the  fingers.  This,  as  I  have  already  remarked,  is 
the  condition  presented  by  the  liver  when  rich  in  glycogen.  In  an 
instance  of  unusual  richness  that  happened  to  fall  under  my  observa- 
tion, the  liver  was,  indeed,  so  soft  as  to  be  almost  pulpy,  scarcely 
holding  together  when  taken  up  by  a  pair  of  forceps. 

The  result  of  experience  since  these  observations  were  made  is  to 
confirm  the  conclusion  that  was  drawn  from  them — namely,  that  the 
ingestion  of  carbohydrate  matter  leads  to  the  presence  of  an  increased 
amount  of  glycogen  in  the  liver.  This,  indeed,  may  now  be  regarded 
as  an  accepted  physiological  fact,  and  it  is  turned  to  account  in  the 
practice  which  is  resorted  to  of  feeding  an  animal  largely  with  carbo- 
hydrate matter  previously  to  its  being  killed,  when  it  is  desired  to 
obtain  glycogen  in  quantity  from  the  liver. 

Looking,  then,  to  the  information  derivable  alike  from  the  blood 
and  from  the  liver,  we  find  evidence  is  afforded  that  the  sugar 
emanating  from  ingested  carbohydrate  matter  is  carried  to  the  liver 
by  the  portal  blood  and  there  checked  in  its  progress,  instead  of  being 
allowed  to  pass  on  and  reach  the  general  circulation.  It  is  through 
the  agency  of  the  hepatic  cells  that  this  effect  is  produced,  and  within 
them  a  concurrent  accumulation  of  glycogen  has  been  observed  by 
micro- chemical  examination  to  take  place.  Thus  the  diffusible  carbo- 
hydrate which  has  reached  the  portal  blood  becomes  abstracted  and 
transmuted  by  the  hepatic  cells  into  the  non-diffusible  form  of  it — 
glycogen.  The  process  of  transmutation  that  here  occurs  constitutes 
an  instance  of  the  carrying  down  of  carbohydrate  matter  to  a  lower 
state  of  hydration,  an  operation  of  the  reverse  nature  of  that  which 
is  noticed  to  be  brought  about  by  agencies  acting  apart  from  the  in- 
fluence of  living  matter.  The  transformations  effected  in  the  labora- 
tory by  ferment  action  and  chemical  agents  are,  as  is  known,  trans- 
formations attended  with  increased  hydration. 
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Animal  Food  as  a  Source  of  Glycogen. 

The  issue  of  what  has  preceded  is  that  ingested  carbohydrate 
matter  can  be  traced  from  the  alimentary  canal  through  the  portal 
system  to  the  liver,  where  it  becomes  stopped  in  its  progress,  and 
transformed  from  the  state  of  sugar  into  that  of  glycogen,  with  the 
result  that  the  amount  of  the  latter  present  in  the  organ  fluctuates 
according  to  the  amount  of  carbohydrate  matter  ingested. 

It  is  known,  however,  that  glycogen  is  discoverable  in  the  liver 
apart  from  the  ingestion  of  saccharine  and  starchy  articles  of  food. 
Under  a  diet  of  purely  animal  food,  glycogen,  to  a  certain  extent,  is 
found  to  exist,  and  its  origin  has  been  referred  to  a  breaking  up  of 
nitrogenous  matter  within  the  liver  itself.  Another  explanation, 
however,  which  carries  us  back  to  what  takes  place  antecedent  to 
absorption  and  stands  in  harmony  with  the  general  train  of 
events  occurring  in  connexion  with  digestion,  is  susceptible  of  being 
given. 

In  the  first  place, it  maybe  said  that  animal  food  contains  a  certain 
amount  of  sugar.  Probably  the  statement  is  within  the  limits  of 
truth  that  no  living  substance  exists  which  does  not  contain  proteid, 
carbohydrate,  fatty,  and  mineral  matter,  and,  in  accord  with  this  pro- 
position, flesh  and  other  animal  substances  consumed  as  food  can  be 
shown  by  analysis  to  contain  free  carbohydrate  under  the  form  of 
sugar,  and,  to  some  extent  also,  of  glycogen.  Sugar  from  these 
sources  will,  as  a  result  of  the  ordinary  operations  of  alimentation, 
reach  the  portal  vein  and  thence  the  liver. 

Ordinary  beef  tea  may  be  selected  to  illustrate  the  point  in 
question,  and  subjoined  is  a  photo-engraving  of  a  micro-photograph 
fo  the  osazone  derived  ^rom  the  sugar  present. 
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Osazone  from  the  sugar  present  in  ordinary  beef  tea. 
Magnified  400  diameters. 


In  the  next  place,  besides  the  free  carbohydrate  existing  as  a  con- 
stituent of  animal  substances,  there  exists,  as  I  have  shown  in  what 
I  have  said  when  speaking  of  the  glucoside  constitution  of  proteid 
matter,  carbohydrate  in  a  locked  up  state.  Not  only  is  this  carbo- 
hydrate susceptible  of  being  liberated  by  the  cleaving  agency  of  acids 
and  alkalis,  but  likewise  by  that  of .  ferment  action,  it  having,  as  a 
matter  of  fact,  been  experimentally  shown  (p.  50)  to  be  set  free  by 
ordinary  pepsin  digestion.  For  the  recognition,  however,  of  the 
liberated  carbohydrate  material,  the  copper  test  is  not  satisfactorily 
available,  on  account  of  the  masking  effect  of  the  peptone  concur- 
rently produced.  With  the  phenylhydrazine  test,  it  happens  that 
the  peptone  does  not  similarly  constitute  a  source  of  difficulty, 
osazone  crystals  being  obtainable  in  its  presence.  Subjoined  is  a 
representation  of  osazone  crystals  derived  from  a  purchased  sample 
of  peptonised  meat.* 

*  "  Fluid  meat "  prepared  by  Savory  and  Moore. 
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Osazone  from  the  sugar  present  in  peptonised  meat. 
Magnified  400  diameters. 


In  animal  food,  then,  we  have  a  certain  amount  of  free  carbohydrate 
under  the  forms  of  both  sugar  and  glycogen,  and  likewise  a  source  of 
carbohydrate  in  the  cleavage  action  of  digestion  upon  proteid  matter. 
As  with  vegetable  food,  in  fact,  carbohydrate  is  supplied,  though  to  a 
less  extent,  for  alimentation  ;  and,  in  harmony  with  this,  the  results 
given  by  examination  of  tlie  portal  blood  may  be  taken,  I  consider, 
as  affording  evidence  of  the  occuri'ence  of  carbohydrate  absorption. 
If  reference  be  made  to  the  collection  of  results  that  have  been  given 
of  the  examination  of  portal  blood  after  animal  food,  it  is  noticeable 
that,  whilst  in  several  instances  no  positive  evidence,  it  is  true,  is 
perceptible  of  augmentation  of  sugar  from  absorption,  yet  in  others 
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there  are  indications  pointing  to  its  existence.  Moreover,  in  some  of 
the  instances  in  which  first  and  second  portions  of  blood  were  col- 
lected, the  latter  showed  the  presence  of  a  larger  quantity  of  sugar, 
suggesting  that  with  the  longer  detention  in  the  capillary  vessels  a 
greater  absorption  occurred.  It  must  be  remembered  that  with  the 
ligature  of  the  portal  vein  the  flow  of  blood  through  the  liver  is 
checked,  and  that  the  contents  of  the  circulation  are  thereby  pre- 
vented from  being  influenced  in  the  manner  that  ordinarily  occurs 
as  the  effect  of  sugar  production  after  death. 

There  is  evidence,  as  will  elsewhere  in  this  work  be  shown,  suggest- 
ing that  a  certain  amount  of  carbohydrate  is  applied  to  the  formation 
of  proteid  and  fat  by  the  agency  of  the  protoplasmic  chemical  power 
possessed  by  the  cells  of  the  intestinal  villi ;  and  it  follows  that,  in  pro- 
portion as  the  carbohydrate  absorbed  from  the  contents  of  the  alimen- 
tary canal  is  thus  diverted,  less  will  ba  left  for  passage  in  the  free 
state  into  the  portal  blood.  In  this  way  it  may  happen  that  the 
evidence  of  absorption  afforded  by  the  portal  blood  is  less  certain  and 
pronounced  than  it  otherwise  would  be. 

From  the  foregoing  considerations  it  is  seen  that  a  source  for  the 
glycogen  of  the  liver  exists  in  animal  alimentation  in  every  way  com- 
parable to  that  existing  in  connexion  with  vegetable  alimentation. 
The  only  difference  is  one  of  degree  in  the  amount  of  carbohydrate- 
supply,  and  this  harmonises  with  the  difference  in  the  respective 
amounts  of  glycogen  found  to  be  present  in  the  liver  under  the  two 
kinds  of  alimentation. 

Authorities  speak  of  glycogen  taking  origin  from  proteid  matter 
within  the  liver  by  a  proteolytic  action  exerted  by  its  cells.  It  has 
been  in  this  way  considered  that  the  presence  of  glycogen  is  to  be 
accounted  for  under  subsistence  upon  animal  food.  I  have  shown, 
however,  that  another  explanation  can  be  given,  without  looking  to 
the  liver  for  the  performance  of  a  proteolytic  office.  The  source  of 
the  glycogen  is  sufficiently  to  be  accounted  for  by  the  occurrence  of 
the  same  kind  of  action  as  that  which  is  in  operation  after  the  inges- 
tion of  vegetable  carbohydrate  food.  It  is  the  province  of  ferment 
action  to  break  up  and  hydrate,  and  of  protoplasmic  action  to  syn- 
thesise  and  de-hydrate.  The  proposition,  therefore,  which  I  have 
advanced  stands  in  accord  with  the  natural  order  of  events,  whilst  to 
assume  that  the  protoplasmic  liver-cells  perform  the  work  of  ferment 
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action  does  not.  That  tliey  should  de-hydrate  or  transmute  sugar  into 
glycogen  is,  on  the  other  hand,  consistent  with  what  can  be  shown  to 
be  accomplished  by  protoplasmic  matter  elsewhere. 

General  Relations  of  Glycogen  as  a  Constituent  of  the  Tjiver. 

I  have  hitherto  been  speaking  of  the  glycogen  of  the  liver  in  relation 
to  its  origin  from  ingested  carbohydrate  and  proteid  substances.  I 
have  now  to  direct  attention  to  its  general  relations  as  a  constituent 
of  the  liver. 

Glycogen  is  recognisable  in  the  liver-cells  by  micro-chemical 
examination,  and  is  represented  as  existing  in  a  hyaline  state,  together 
with  fat  globules  and  proteid  granules,  in  the  meshes  of  the  proto- 
plasmic network  of  the  cell.  As  the  result  of  treatment  with  iodine, 
the  glycogen  is  brought  into  view  by  the  red-brown  staining  that 
occurs.  It  may  be  dissolved  out  by  water,  leaving  the  network  of  the 
cell-protoplasm  intact.  In  spite  of  its  ready  solubility,  its  extrac- 
tion by  water  from  the  liver-substance  is  not,  however,  easily  to  be 
effected,  owing,  it  may  be  assumed,  to  its  non-difFusible  nature. 

It  is  known  that  even  a  diffusible  body  like  glucose  requires  sedulous 
treatment  with  water  for  its  complete  extraction  from  the  tissues. 
With  glycogen,  the  difficulty  is  very  much  greater,  and  even  after  the 
liver  has  been  brought  into  a  state  of  comparatively  fine  subdivision 
by  pounding  in  a  mortar,  and  has  been  subjected  to  successive  boil- 
ings with  water  until  no  signs  of  fui-ther  extraction  are  afforded,  a 
considerable  quantity  remains  unremoved.  If,  afterwards,  the  residue 
be  set  aside  in  a  little  water  until  the  following  day,  the  liquid  will 
be  found  to  have  become  again  milky  in  appearance  from  the  further 
extraction  that  has  ensued.  The  same  occurrence  may  be  noticeable 
even  with  several  successive  daily  repetitions  of  the  treatment,  and 
finally  the  residue  on  examination  may  still  be  found  to  contain  a  con- 
siderable quantity  of  glycogen.  I  drew  attention  to  tliis  circumstance 
in  a  communication  presented  to  the  Royal  Society  in  1881 ;  and 
fron\  the  detailed  observations  therein  narrated  .[  will  select  one  for 
the  purpose  of  illustration. 

A  weighed  quantity  of  the  liver  of  a  recently  killed  dog  was 
reduced  to  a  pulp  in  a  mortar  and  tlioronghly  extracted  with  alcohol 
for  the  removal  of  its  sugar.  The  coagulated  residue  from  the 
alcoholic  washings  was  then  repeatedly  extracted  with  boiling  water 
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till  the  liquid  came  away  clear,  instead  of  lactescent,  from  the  presence 
of  glycogen,  as  at  first.  The  residue  was  kept  in  a  moist  state  till  the 
following  day,  when  the  process  of  washing  was  repeated.  On  the 
third  and  fourth  days  the  process  was  again  repeated  until  in  each 
case  a  clear  liquid  was  obtained.  The  glycogen  in  each  day's  wash- 
ings was  estimated  by  conversion  into  glucose  and  recourse  to  titra- 
tion with  the  ammouiated  cupric  test.  Finally,  the  residue  from  the 
successive  washings  was  boiled  with  potash  and  poured  into  spirit  for 
the  collection  and  estimation  of  the  glycogen  remaining.  The  figures 
yielded  stood  as  follows  : — 

Per  1000  of  liver. 


Glycogen  extracted  on  the  1st  day   13'833 

2nd  „    3-879 

3rd   „    2-961 

4th   „    2-817 

„       remaining  in  the  residue   35-145 


It  will  thus  be  seen  that  the  repeated  extractions  on  the  four  suc- 
cessive days  removed  only  something  under  half  of  the  total  amount 
of  glycogen  contained  in  the  liver.  The  above  results,  together 
with  others  from  similarly  conducted  observations,  show  how  imper- 
fectly ordinary  extraction  with  water  I'emoves  glycogen  from  the 
liver-substance,  and  account  for  the  small  quantity,  compared  with 
what  might  be  expected,  that  is  not  unfrequently  obtained  when 
the  process  of  collection  by  aqiieous  extraction  is  adopted. 

The  extent  to  which  glycogen  is  extracted  by  water  is  largely 
dependent  upon  the  degree  to  which  the  minuteness  of  subdivision 
of  the  liver-substance  has  been  carried,  as  the  following  experi- 
ment, taken  in  conjunction  with  the  one  that  has  been  given,  con- 
tributes to  show.  V 

A  portion  of  the  liver  of  a  freshly  killed  rabbit  was  plunged  into 
boiling  water  for  the  purpose  of  checking  the  loss  of  glycogen  by 
post-mortem  change.  It  was  then  pounded  in  a  mortar,  and  after- 
wards still  further  reduced  to  a  finely-divided  state  by  being  forcibly 
squeezed  through  muslin.  A  weighed  quantity  was  now  boiled  with 
successive  portions  of  water  until  no  appearance  of  lactescence  was 
observed.  The  treatment  with  boiling  water  was  repeated  on  the 
second  day,  and  again  on  the  third.   After  the  third  day's  extraction, 
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the  residue  was  once  more  thorouglily  pounded,  and  again  boiled 
with  water.  The  exti-act  yielded  was  strongly  lactescent,  notwith- 
standing that  the  liquid  at  the  end  of  the  previous  washing  was  per- 
fectly clear.  After  this  further  extraction,  the  residue  was  boiled 
with  potash,  and  the  glycogen  precipitated  by  alcohol  and  quantita- 
tively determined  in  the  usual  way.  The  following  are  the  results 
that  were  obtained  : — • 

Per  1000 
of  liver. 


Glycogen  extracted  on  the  1st  day   36*629 

2nd  „    7156 

3rd   „    1-904 

„          „          „        3rd   „   after  farther  pounding  6-107 

„       remaining  in  the  residue   6-540 


The  presence  of  acetic  acid  appeal's  to  promote  extraction.  A 
second  portion  of  the  liver  made  use  of  in  the  preceding  experiment 
was  extracted  witli  successive  portions  of  water  containing  O  o  per 
cent,  of  acetic  acid.  As  will  be  seen  from  the  subjoined  figures, 
more  glycogen  was  extracted  than  where  water  alone  was  employed. 


Per  1000 
of  liver. 

Glycogen  extracted  on  the  1st  day   43-533 

2nd    „    8-085 

3rd    „    2-421 

„  ,,  ,,  3rd  „  after  further  pounding  2-097 
,,       remaining  in  the  residue   1620 


It  is  a  point  worthy  of  note  that,  notwithstanding  the  difficulty 
with  which  extraction  is  effected  by  water  at  100°  C.  (212°  F.),  the 
whole  of  the  glycogen  is  readily  and  speedily  extracted  when  the 
operation  is  performed  under  pressure  in  a  digester  worked  at  a 
temperature  of  about  140°  C.  (284°  F.).  Half  an  hour  is  found  to 
suffice  for  the  purpose,  as  will  be  seen  by  I'eference  to  the  subjoined 
results  obtained  in  two  experiments  in  which  a  comparison  was  made 
through  the  application  of  the  potash  process.  Two  rabbits  were 
taken,  and  the  livers  removed  and  treated  with  alcohol  for  the  extrac- 
tion of  the  sugar.  In  each  case  duplicate  portions  were  submitted 
to  comparative  examination  with  the  use  of  the  high  pressui-e  digester 
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(autoclave)  and  the  application  of  the  ordinary  potash  process.  The 
following  were  the  figures  yielded  : — 


After  half  an  hour's  aqueous 

extraction  at  140°  C  

After  boiling  with  10  per  cent. 

potash  for  half  an  hour  .... 

Considerations  regarding  the  Amount  of  Glycogen  in  the  Liver. 

The  amount  of  glycogen  encountered  in  the  liver  presents  a  wide 
range  of  variation.  It  is  governed  not  only  by  influences  in  operation 
during  life,  but  also  by  influences  coming  into  operation  after  death. 
The  former  have  been  in  part  already  referred  to,  and  will  be  further 
referred  to  later  on.  As  regards  the  latter,  the  position  that  we  have  to 
deal  with  is  this  :  the  liver,  like  other  parts  of  the  system,  contains  a 
certain  amount  of  carbohydrate.  The  amount,  however,  in  the  liver 
is,  under  ordinary  circumstances,  much  larger  than  that  found  else- 
where. In  form,  it  mainly  consists  of  glycogen,  but,  precisely  as 
elsewhere,  there  is  present  a  certain  small  proportion  of  sugar.  The 
carbohydrate  susceptible  of  extraction  by  alcohol,  which  is  reckoned 
as  sugar,  here  presents  a  cupric  oxide  reducing  capacity  below  that 
of  glucose,  and  sometimes  even  considerably  below  that  of  maltose. 
In  the  latter  case,  something  of  a  dextrin-like  nature  must  obviously 
be  present. 

The  glycogen  is  placed  under  conditions  which  lead  to  its  speedy 
transformation  into  dextrin  and  sugar  after  death,  and,  unless  pre- 
cautionary measures  are  adopted  to  check  this  post-mortem  trans- 
formation, a  loss  of  glycogen  in  proportion  to  the  dextriii^and  sugar 
produced  will  occur.  In  order,  therefore,  to  obtain  a  representation 
of  the  amount  of  glycogen  existing  at  the  time  of  death,  it  is  neces- 
sary either  to  instantly  check  post-mortem  change,  as  by  rapidly 
plunging  the  liver  of  a  suddenly  killed  animal  into  a  freezing  mixture, 
or  else  to  make  allowance  for  the  glycogen  which  has  disappeared  by 
conversion  into  sugar  subsequently  to  death. 

Where  the  liver  is  taken  after  having  been  dealt  with  in  a  manner 
to  prevent  the  post-mortem  production  of  sugar,  the  result  given  by 


Glycogen  per  1000  of  liver. 

r  '  N 

Obs.  1.  Obs.  2. 

93-015  ....  68-040 
91-314    ....  64-242 
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analysis  represents  the  amount  of  glycogen  corresponding  with  that 
existing  during  life,  associated  with  the  sugar  also  natui'ally  belong- 
ing to  life  which  may  be  said  ordinarily  to  amount  to  from  2  to  3  per 
1000.  Where,  on  the  other  hand,  the  organ  is  taken  for  examination 
in  an  ordinary  way,  a  less  amount  of  glycogen  than  there  should  be 
is  given,  whilst  the  sugar  accompanying  it  may  be  found,  according 
to  the  extent  to  which  post-mortem  change  has  occurred,  to  amount  to 
8,  10,  or  12,  or  from  this  to  15,  20,  or  even,  it  may  be,  25  per  1000. 
Deduction  of  the  amount  of  sugar  naturally  belonging  to  the  liver 
daring  life,  which  1  have  put  at  from  2  to  3  per  1000,  from  that 
found  when  post-mortem  change  has  not  been  checked  will  give  the 
amount  produced  after  death,  which  stands  equivalent  to  the  amount 
of  the  transformed  glycogen.  From  these  data  it  is  possible,  in  the 
case  of  the  liver  taken  in  an  ordinary  manner  for  examination,  to 
estimate,  with  a  close  approximation  to  the  truth,  the  amount  of 
glycogen  existing  at  the  moment  of  death.  No  matter,  then,  whether 
the  liver  be  taken  with  special  precautions  to  prevent  loss  of  glycogen 
from  post-mortem  transformation  or  not,  an  estimation  of  its  amount 
may  be  made  with  sufficient  accuracy  to  admit  of  physiological  con-  . 
elusions  being  drawn. 

It  must  be  borne  in  mind  that  it  follows  from  what  was  said  in  the 
section  of  this  work  on  "  the  glucoside  constitution  of  proteid 
matter  "  that  the  analytical  results  taken  as  expressive  of  glycogen 
iticlude  the  cleavage  carbohydrate  liberated  b}-  the  potash  process 
adopted.  The  amount  of  this  material  is,  however,  too  small  to  affect  the 
validity  of  the  conclusions  deducible  from  the  results,  where  glycogen 
to  any  significant  extent  is  present.  It  stands  otherwise,  it  must  be 
said,  Avhere  only  insignificant  figures  are  yielded.  These,  in  reality, 
may  be  either  wholly  or  jiartially  due  to  cleavage  carbohydrate,  and 
thus  arc  not  to  be  read  as  necessarily  implying  that  any  glycogen  is 
actually  present. 

The  material  before  me,  serving  as  the  basis  of  the  remarks  about 
to  be  made  upon  the  amount  of  glycogen  found  in  the  liver  under 
various  conditions,  consists  of  upwards  of  200  quantitative  estima- 
tions, extracted  from  my  laboratory  books.  These  I  do  not  put 
forward  as  exhaustive  of  the  matter,  but  they  suffice  to  afford  indica- 
tions of  a  general  nature. 

In  the  process  of  analysis,  the  cai-bohydrate  is  estimated  in  the 
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form  of  glucose,  but  since  the  body  to  be  represented  is  one  of  the 
composition  CeHioOs  instead  of  CeHijOc,  it  follows  that  the  result 
must  be  multiplied  by  0'9  in  order  to  obtain  an  expression  of  the 
true  amount  of  glycogen  present.  With  the  figures  that  follow  this 
has  been  done. 

A  survey  of  the  results  shows  the  existence  of  a  wide  range  of 
variation  in  the  glycogen  figures  that  have  been  obtained.  The 
lower  limit  may  be  placed  as  low  as  1  or  2  per  1000,  or  possibly,  even 
less.  The  amounts  commonly  found  range  from  4  or  5  to  20  or  30 
or  even  40  per  1000.  Such  figures  as  60,  70,  and  80  per  1000  are  not 
unfrequently  met  with,  and  I  have  come  across  amounts  as  large,  for 
example,  as  120,  122,  and  126  per  1000.  These  last  quantities  were 
found  in  dogs  which  had  been  specially  supplied  with  food  rich  in 
carbohydrates.  The  animals  yielding  respectively  the  figures  120 
and  122  per  1000  had  been  kept  for  some  days  upon  a  diet  of  sugar, 
bread,  meat,  and  milk ;  and  the  one  which  gave  126  per  1000,  for  ten 
days  upon  bread  and  meat.  The  amount  standing  next  was  114  per 
1000.  It  was  yielded  by  a  rabbit  which  had  been  taken  without  any 
special  feeding. 

Of  the  various  conditions  affecting  the  amount  of  glycogen  in  the 
liver  the  most  potent  is  food.  Reference  has  already  been  made  (p. 
113,  et  seq.}  to  the  influence  of  carbohydrate  food  in  leading  to  an  in- 
creased production  and  accumulation  of  glycogen,  and  nothing  further 
need  here  be  said  with  regard  to  it. 

The  liver  of  the  young  animal,  whether  taken  in  the  foetal  stage 
or  subsequently,  appears  to  contain  more  glycogen  than  is  found  in 
later  life.  Amongst  my  laboratory  records  I  find  an  instance  in 
which  a  dog  had  been  kept  for  some  days  upon  a  diet  of  meat  and 
sugar,  for  the  purpose  of  ascertaining  the  condition  of  tha- organs  in 
relation  to  glycogen.  When  killed,  it  was  found  to  be  in  pup,  and 
the  organs  of  the  foetus,  as  well  as  those  of  the  parent,  were  ex- 
amined. 

The  liver  of  the  parent,  taken  in  an  ordinary  way  after  death, 
yielded  27  per  1000  of  glycogen,  accompanied  with  22  per  1000  of 
sugar.  The  livers  of  the  two  foetal  pups  examined  showed  respec- 
tively the  presence  of  59  and  63  per  1000  of  glycogen,  with  8  and  7 
per  1000  of  sugar. 

I  have  also  records  of  the  condition  existing  in  two  cats  with  suck- 


128 


AMOUNT  OF  GLYCOGEN  IN  LIV^ER, 


ing  kittens.  In  one  case  the  liver  of  the  parent  yielded  31  per  1000 
of  glycogen,  and  the  livers  of  the  kittens,  taken  together,  42  per  1000. 
No  determination  of  tlie  sugar  was  made  in  this  instance.  In  the 
other,  the  liver  of  the  parent  was  found  to  contain  21  per  1000  of 
glycogen,  accompanied  with  21  per  1000  of  sugar,  whilst  the  liver  of 
one  kitten  yielded  32  per  1000  of  glycogen  with  17  per  1000  of 
sugar,  and  that  of  another  45  per  1000  of  glycogen  with  10  per  1000 
of  sugar. 

The  condition  of  the  liver  in  different  animals  in  i-elation  to 
glycogen  may  next  be  referred  to.  I  have  before  me  the  results  of  a 
number  of  obsei'vations  which  have  been  from  time  to  time  con- 
ducted. These  I  will  consider  in  groups  arranged  under  the  heads 
of  the  several  kinds  of  animals  examined.  It  will  be  understood  that 
the  animals  at  the  time  of  being  taken  were  under  ordinary  con- 
ditions, and  that  in  the  great  majority  of  the  instances  the  examina- 
tion was  conducted  in  an  ordinary  way  without  the  observance  of 
special  precautions  for  checking  post-mortem  change.  Under  these 
circumstances,  allowance  has  to  be  made  for  the  loss  of  glycogen 
occui-ring  as  a  post-morttm  event,  and  in  order  that  this  may  be  done 
the  figures  representing  the  sugar  will  be  inserted  after  those  expres- 
sive of  the  glycogen  found.  In  a  certain  number  of  the  instances 
the  liver  was  taken  after  having  been  plunged  instantly  after  death 
into  a  freezing  mixture,  whereby  the  loss  of  glycogen  by  post-niortem 
change  was  prevented. 

Dog. — In  many  of  the  observations  before  me,  referring  to  this 
animal,  there  had  been  a  special  dieting  with  carbohydrate  food. 
These  observations  do  not  properly  fall  within  what  is  intended  to  be 
here  represented,  and  they  will  therefore  be  excluded  from  consider- 
ation, with  the  I'emark  that  the  figures  expressive  of  glycogen  were 
largely  in  excess  of  those  yielded  by  the  liver  under  the  ordinary  diet 
of  animal  food.  In  nine  instances  of  dogs  fed  only  upon  meat  the 
livers  gave  glycogen  figures  as  follows: — 3"3  per  1000  (with  17  per 
1000  of  sugar),  4-2  per  1000  (with  14  per  1000  of  sugar),  5-5  per 
1000  (with  5  per  1000  of  sugar),  S  ?  per  1000  (with  19  per  1000  of 
sugar),  8-9  per  1000  (with  13  per  1000  of  sugar),  12-2  per  1000 
(with  IG  per  1000  of  sugar),  IS'O  per  1000  (with  6  per  1000  of 
sugar),  26-4  per  1000  (with  17  per  1000  of  sugar),  and  39-6  per  1000 
(with  19  per  1000  of  sugai-). 
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Cat. — I  have  a  record  of  a  large  number  of  observations  upon 
this  animal.  In  some  instances  there  had  been  special  dieting 
with  bread  and  milk  along  with  the  meat,  and  with  reference  to 
these  special  instances  I  consider  I  need  not  say  more  than  that 
most  of  the  results  failed  to  show  an  increase  of  glycogen  to  any- 
thing like  the  same  extent  as  that  noticed  in  many  of  the  livers  of 
dogs  fed  in  a  similar  way.  In  one  case,  however,  the  glycogen  figures 
stood  at  65'3  per  1000  (wnth  5  per  1000  of  sugar),  and  in  another  at 
58"6  per  1000  (with  19  per  1000  of  sugar).  In  most  of  the  instances 
they  were  quite  low.  I  cannot  undertake  to  reconcile  the  discrepancy 
which  has  been  referred  to,  but  the  suggestion  may  be  thrown  out 
that  possibly  the  cats  may  not  have  properly  taken  the  bread  and 
milk  provided.  In  the  twenty-four  instances  where  it  is  recorded 
that  the  animals  had  been  kept  upon  meat  only,  the  glycogen  figures 
varied  from  1"8  per  1000  (with  16  per  1000  of  sugai')  to  35"3  per 
1000  (with  21  per  1000  of  sugar).  Only  in  a  few  cases  did  the 
glycogen  figures,  taken  irrespectively  of  the  sugar,  stand  higher  than 
20  per  1000,  and  in  more  than  half  they  stood  under  10  per  1000. 

Babbit. — Twenty-nine  observations,  including  fourteen  in  which  the 
liver  had  been  frozen  instantly  after  death.  The  highest  glycogen 
figures  stood  at  114'1  per  1000  (with  2'4  per  1000  of  sugar).  Next 
to  these  were  98-1  per  1000  (with  2-6  per  1000  of  sugar),  81-8  per 
1000  (with  1-1  per  1000  of  sugar),  and  78-5  per  1000  (with  2-1  per 
1000  of  sugar).  In  five  other  cases  the  glycogen  figures,  taken 
alone,  were  in  excess  of  50  per  1000.  The  lowest  figures  obtained 
were  6'2  per  1000  (with  4-6  per  1000  of  sugar),  5-8  per  1000  (with 
15-2  per  1000  of  sugar),  and  7-3  per  1000  (with  2-8  per  1000  of 
sugar).    The  others  ranged  between  these  extremes. 

Bullock. — Two  observations.  Glycogen  figures  yielded — 21  "0  per 
1000  (with  24  per  1000  of  sugar),  and  5-9  per  1000  (with  15  per 
1000  of  sugar). 

Calf. — Two  observations.  Glycogen  figures  yielded — 22'0  per  1000 
(with  21  per  1000  of  sugar),  and  13-0  per  1000  (with  14  per  1000  of 
sugar). 

Sheep. — Eight  observations.  In  two,  where  the  animals  had  been 
specially  fed,  under  my  directions,  upon  barley-meal  for  three  days 
previous  to  being  slaughtered,  the  glycogen  figures  obtained  stood 
only  at  1'3  per  1000   (with  10  per  1000  of  sugar),  and  3"4  per 
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1000  (with  15  per  1000  of  sugar).  In  four,  wliere  the  animals  had 
been  specially  fed  upon  maize  for  two  days  before  death,  the  livers 
yielded  glycogen  figures  as  follows  :— 8-2  per  1000  (with  17  per 
1000  of  sugar),  11-1  per  1000  (with  15  per  1000  of  sugar),  11-5 
per  1000  (with  25  per  1000  of  sugar),  and  21-4  per  1000  (with 
25  per  1000  of  sugar).  In  the  other  two,  in  which  I  have  no 
record  of  the  nature  of  the  food,  and  in  which  the  liver  was  kept 
for  some  considerable  time  before  being  examined,  the  glycogen 
figures  stood  respectively  at  6-0  per  1000  (with  23  per  1000  of 
sugar),  and  0-9  per  1000  (with  30  per  1000  of  sugar). 

Pig. — Two  observations.  Glycogen  figures  yielded — 6-0  per  1000 
(with  13  per  1000  of  sugar),  and  8-2  per  1000  (with  7  per  J 000  of 
sugar). 

Horse. — Six  observations.  In  two,  nothing  is  recorded  about  the 
condition  of  the  animal  or  the  nature  of  the  food.  The  glycogen 
figures  yielded  stood  at  30'0  per  1000  (with  16  jDer  1000  of  sugar),  i^nd 
11'5  per  1000  (sugar  not  determined).  In  two  others,  the  remark  is 
entered  that  the  animals  were  in  poor  condition,  and  had  been  fed  on  hay. 
The  figures  representative  of  glycogen  stood  at  12'8  per  1000  (with 
12  per  1000  of  sugar),  and  ll'O  per  1000  (with  3  per  1000  of  sugar). 
The  remaining  two  animals  had  been  specially  fed  upon  maize  for  two 
days  before  being  killed.  One  is  described  as  being  old  and  in  bad 
condition,  and  here  the  glycogen  figures  obtained  were  29'5  per  1000 
(with  15  per  1000  of  sugar)  ;  the  other  was  in  fair  condition,  and  in 
this  instance  the  glycogen  figures  yielded  were  73'1  per  1000  (with 
20  per  1000  of  sugar). 

The  conditions  ordinarily  attaching  to  the  butcher's  slaughter- 
house are  not  such  as  to  conduce  to  the  liver  being  found  rich 
in  glycogen.  There  is,  for  instance,  the  more  or  less  prolonged 
interval  between  the  withdrawal  from  the  accustomed  conditions  of 
the  stall  or  pasture  and  the  arrival  at  the  market,  with  the  fatigue 
incidental  to  the  journey.  Then,  there  is  the  indefinite  period  of  deten- 
tion in  the  slaughterhouse.  And,  finally,  the  liver,  after  death,  is 
likely  to  remain  for  a  longer  time  under  conditions  permitting  of  loss 
of  glycogen  by  post-mortem  transfox*mation  than  is  allowed  to  be  the 
case  in  the  laboratory. 

In  the  case  of  the  horse  the  amount  of  glycogen  is  seen  to  range 
higher  than  in  that  of  the  animals  from  the  butcher's  slaughterhouse. 
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It  appears  from  the  statements  of  other  observers,  that  horseflesh  is 
coincidently  rich  in  glycogen.  Apart,  however,  from  any  specific 
difference  that  may  exist,  there  is  the  point  for  consideration  that  the 
horse  has  usually  been  less  unnaturally  circumstanced  previous  to 
death  than  the  other  animals  in  question,  on  account  of  its  not  having 
had  to  undergo  the  sufferance  involved  in  passing  through  the  market. 
Although,  it  is  true,  many  horses  are  killed  on  account  of  old  age,  or, 
it  may  be,  some  internal  disease,  yet  it  fi'equently  happens  that  the 
animal  is  merely  disabled  from  work  by  a  local  affection  of  the  legs, 
which  need  not  derange  its  general  health. 

Domestic  Fowl. — One  observation.  Glycogen  figures  yielded — 2"4 
per  1000  (with  3-8  per  1000  of  sugar). 

Grouse. — One  observation.  Glycogen  figures  yielded — 1'7  per  1000 
(with  3"7  per  1000  of  sugar). 

Tortoise. — Two  observations.  Glycogen  figures  yielded — 21 '7  per 
1000  (with  2-2  per  1000  of  sugar),  and  86-7  per  1000  (with  l"!  per 
1000  of  sugar). 

Frog. — One  observation.  Glycogen  figures  yielded — 43'3  per  1000 
(with  1-7  per  1000  of  sugar). 

God-fish. — Two  observations.  Glycogen  figures  yielded — 1'8  per 
1000  (with  1-5  per  1000  of  sugar),  and  4-0  per  1000  (with  2-6  per 
1000  of  sugar). 

Maclcerel. — One  observation.  Glycogen  figures  yielded — 2"2  per 
1000  (with  3-0  per  1000  of  sugar). 

Salmon. — One  observation.  Glycogen  figures  yielded — 0'4  per  1000 
(with  3'6  per  1000  of  sugar). 

Lobster. — Three  observations.  Glycogen  figures  yielded — 3  0  per 
1000  (with  2-0  per  1000  of  sugar),  5-0  per  1000  (with  3-4  per  1000 
of  suga-r),  and  2'0  per  1000  (with  2'5  per  1000  of  sugar).' 

Crab. — Two  observations.  Glycogen  figures  yielded — 2'7  per  1000 
(with  81  per  1000  of  sugar),  and  8-3  per  1000  (with  4-6  per  1000  of 
sugar) . 

Oyster. — Five  observations.  Glycogen  figures  yielded — 27'5  per 
1000  (with  2-3  per  1000  of  sugar),  9-9  per  1000  (witb  2-2  per  1000 
of  sugar),  27-2  per  1000  (with  1-5  per  1000  of  sugar),  41*4  per  1000 
(with  2-8  per  1000  of  sugar),  and  13-5  per  1000  (with  4-5  per  1000 
of  sugar). 

Mussel  (Mytilus  edulis). — One  observation.  Glycogen  figures 
yielded— 17-4  per  1000  (with  1'9  per  1000  of  sugar). 
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Having  dealt  with  the  carbohydrate  matter  which  exists  in  the 
liver  under  the  form  of  a  material  insoluble  in  alcohol  and  devoid  of 
cupric  oxide  reducing  power — that  is,  a  material  comprehended  under 
the  term  glycogen — I  have  next  to  treat  of  the  carbohydrate  matter 
soluble  in  alcohol,  possessed  of  cupric  oxide  reducing  power,  and 
comprehended  under  the  general  term  sugar.  This  latter,  whilst 
forming  a  constituent  of  the  liver,  is"  likewise,  as  will  further  on  be 
shown,  found  to  be  present  universally  throughout  the  tissues  and 
organs  of  the  animal  system,  as  far  as  they  have  been  examined. 

If  the  carbohydrate  now  being  considered  is  merely  subjected  to 
the  ordinary  processes  of  sugar  detection  and  sugar  determination,  the 
information  is  not  yielded  that  is  necessary  for  supplying  a  know- 
ledge of  its  character,  or  form.  It  would  under  the  circumstances 
presumably  be  taken  as  consisting  of  glucose,  whilst  in  ideality  the 
form  of  sugar  present  might  be  different.  If,  however,  it  is  subjected 
to  the  process  of  examination  to  which  I  have  resorted  in  my  investi- 
gations, a  process  which  embraces  the  determination  of  the  cupric 
oxide  reducing  power  before  and  after  boiling  with  sulphuric  acid, 
data  are  afforded  for  supplying  more  extended  information,  and  it 
may  be  found  that,  instead  of  glucose,  we  are  dealing  with  a  product 
of  lower  cupric  oxide  reducing  power.  The  cupric  oxide  reducing 
power,  indeed,  that  in  different  instances  may  be  met  with  is  foiiud  to 
vary  from  a  low  one  upwards,  in  the  manner  that  would  occur  from 
the  presence  of  mixtures  of  dcxtrins  and  sugars.  Although,  as  is 
obvious,  the  cai-bohydrate  material  present  cannot,  when  possessing  a 
cupric  oxide  reducing  power  below  that  of  maltose,  be  entirely  com- 
posed, strictly  speaking,  of  sugars,  yet  for  jiliysiological  purposes  it 
may,  for  the  sake  of  convenience  and  brevity,  be  broadly  compre- 
hended under  the  term. 

With  these  preliminary  remarks,  I  will  proceed  to  the  consideration 
of  the  relation  of  the  livei-  to  sugar  taken  in  the  sense  just  defined. 
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Examination  of  the  liver  reveals  the  existence  of  a  certain  amount 
of  sugar.  The  amount  found  varies  according  to  the  conditions 
under  which  the  examination  is  made.  If  the  organ  be  taken  in  such 
a  manner  as  to  represent  as  closely  as  possible  the  condition  belong- 
ing to  life,  the  sugar  met  with  is  insignificant  in  amount,  whilst,  if 
time  be  allowed  to  elapse  betweeu  the  death  of  the  animal  and  the 
removal  of  the  liver,  sugar  is  found  to  be  largely  present. 

In  1860,  through  a  communication  presented  to  the  Koyal  Society 
and  published  in  the  '  Transactions  '  for  the  following  year,  I  brought 
under  notice  the  difference  existing  in  the  condition  of  the  liver  taken, 
on  the  one  hand,  at  the  moment  of  death,  and,  on  the  other,  a  short 
time  afterwards. 

Previously,  from  the  time  of  the  promulgation  of  Bernard's  glyco- 
genic theory,  the  strongly  saccharine  condition  of  the  liver  met  with 
under  ordinary  examination  after  death  had  been  looked  upon  as 
representing  the  condition  normally  existing  during  life.  I  had,  a 
short  time  before,  made  the  discovery  that  the  blood  of  the  right  side 
of  the  heart  was  not  in  the  saccharine  condition  during  life  that  had 
been  previously  inferred  from  the  examination  of  blood  removed  in 
an  ordinary  manner  after  death.  Although  I  had  thus  recognised 
the  difference  in  the  ante-mortem  and  ordinary  post-mortem  states  of 
the  blood,  yet,  in  common  with  others,  I  had  not  at  the  time  any  idea 
that  the  saccharine  state  of  the  liver  revealed  under  the  method  of 
examination  then  adopted  was  likewise  due  to  a  post-mortem  change. 
Not  being  able  to  understand  how  the  difference  in  the  two  states  of 
the  blood  was  to  be  accounted  for,  I  was  driven  to  look  to  the  liver  in 
search  of  an  explanation.  I  first  tried  the  effect  of  injecting  blood  at 
different  pressures  through  the  organ  after  death  to  imitate  different 
states  of  blood  pressure  in  the  vessels,  and  ascertain  if  this-  influenced 
the  escape  of  sugar.  On  failing  to  obtain  any  satisfactory  informa- 
tion from  these  experiments,  the  idea  occurred  to  me  to  subject  the 
liver  to  examination  to  see  whether  there  might  not  be  the  same 
difference  between  the  ante-mortem  dindi.  post-mortem  states  as  had  been 
noticed  in  the  blood.  I  did  not  start  with  the  expectation  that  any- 
thing would  issue  from  submitting  the  question  to  the  test  of  ob- 
servation, but  I  nevertheless  considered  the  matter  worthy  of  trial, 
and  hence  resolved  to  endeavour  to  obtain  from  the  liver  a  repre- 
sentation approaching  as  closely  as  possible  to  that  of  the  actual 
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living  state,  bj  supplying  conditions  at  the  instant  of  death  to  pre- 
vent the  occnrrence  of  post-mortem  change  in  relation  to  sugar. 

It  was  known  that  the  liver  contained  a  substance  susceptible  of 
rapid  transformation  into  sugar  by  ferment  action,  and  that  a  ferment 
capable  of  effecting  the  transformation  was  present.  The  object, 
therefore,  to  be  attained  was  to  deprive  the  ferment  of  activity  at  the 
instant  of  death. 

In  my  first  experiments  I  sought  to  effect  this  by  injecting  a  strong 
solution  of  potash  into  the  liver  through  the  portal  vein.  As  the 
result,  traces  only  of  sugar  wei'e  afterwards  found  m  the  organ. 

Subsequently,  I  resorted  to  a  method  of  experimenting  in  which 
the  desired  object  of  checking  post-mortem  ferment  action  was  at- 
tained through  the  simple  physical  agency  of  alteration  of  tempera- 
ture. By  sufficiently  elevating  the  temperature,  the  ferment  is 
coagulated  and  its  activity  destroyed,  whilst,  by  sufficiently  lowering 
it,  ferment  action  is  suspended. 

Plunging  a  portion  of  liver,  excised  as  quickly  as  possible  after 
death,  into  boiling  water  leads  to  the  destruction  of  the  ferment,  and 
thus  prevents  any  subsequent  production  of  sugar.  Obviously,  how- 
ever, the  effect  of  increase  of  heat  up  to  a  point  short  of  that  neces- 
sary for  the  destruction  of  the  ferment  will  be  to  promote  trans- 
formation, and  it  must  be  borne  in  mind  that  with  a  thick  mass  of 
liver  an  appreciable  amount  of  time  will  be  required  for  the  effectual 
penetration  of  the  heat  to  the  deeper  portion,  in  which  the  oppor- 
tunity will  thus  be  given  for  the  occurrence  of  a  certain  amount  of 
change.  In  spite  of  this  circumstance,  I  found,  on  performing  the 
experiment,  that  the  condition  presented  by  the  liver  in  relation  to 
sugar  stood  in  striking  contrast  to  that  which  had  been  previously 
supposed  to  belong  to  it. 

By  immersion,  on  the  other  hand,  in  a  freezing  mixture,  as  of  ice 
and  salt,  ferment  action  is  checked,  without  the  ferment  being 
destroyed.  Contrary  to  what  occurs  with  the  application  of  heat,  the 
effect  of  exposure  to  cold  operates  continuously  iu  the  desired  direc- 
tion, the  energy  of  the  ferment  being  diminished  in  proportion  as  the 
temperature  is  lowered,  until  it  is  brought  to  a  state  of  inactivity.  If 
the  liver  to  be  examined  is  only  of  moderate  thickness,  as  is  the  case 
with  that  of  the  rabbit,  it  will  become  frozen  throughout  with  suffi- 
cient rapidity  to  effect  what  is  wanted ;  but  if  a  tluck  mass  of 
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material  has  to  be  dealt  with,  such  as  occurs  -with  an  excised  portion 
of  the  liver  of  a  dog,  a  few  incisions  should  be  made  across  it  to  pro- 
mote the  more  rapid  penetration  of  the  freezing  influence. 

Upon  the  grounds  just  stated,  it  will  be  intelligible  that,  of  the  two 
methods  of  checking  post-mortem  change,  that  by  freezing  may  be 
regarded  as  preferable  ;  but  it  must  not  be  forgotten  in  its  ap- 
plication that  the  ferment  has  not  undergone  destruction,  and  that, 
therefore,  the  capacity  for  sugar  production  still  exists,  and  will  come 
into  play  should  the  opportunity  be  given,  in  the  succeeding  processes 
of  preparation  for  examination,  for  it  to  do  so.  Observation,  in  fact, 
shows  that  a  piece  of  frozen  liver  which  has  been  allowed  to  thaw 
and  is  afterwards  set  aside  at  an  ordinary  temperature  contains  in 
some  hours'  time  about  as  much  sugar  as  a  piece  of  the  liver  which 
has  not  been  frozen.- 

The  ice  and  salt  mixture  employed  should  be  prepared  about  half 
an  hour  before  it  is  wanted  for  use,  in  order  that  the  occurrence  of  a 
certain  amount  of  liquefaction  may  place  it  in  a  favourable  position 
for  acting  rapidly  upon  the  immersed  piece  of  liver.  A  minute  or 
two  will  then  be  found  to  suffice  for  bringing  the  specimens  into  a 
hard,  frozen  state. 

At  the  now  distant  period  when  this  method  of  experimenting  was 
initiated,  the  subsequent  treatment  of  the  frozen  liver  consisted 
simply  in  the  preparation  of  a  decoction  and  the  examination  of  this 
for  sugar  by  boiling  in  a  test-tube  with  the  copper  solution.  For  the 
preparation  of  the  decoction,  thin  slices  were  pared  ofE  the  frozen 
liver  and  pounded  to  a  pulp  in  a  cooled  mortar. 

A  capsule  with  a  little  water  in  it  was  next  placed  over  a  flame,  and 
after  the  water  was  brought  to  a  brisk  state  of  ebullition,  the  liver 
pulp  was  introduced  into  it,  a  little  at  a  time,  in  a  manner  to  secure 
the  instantaneous  destruction  of  the  ferment.  After  a  few  minutes, 
the  liquid  was  strained  off,  and  a  portion  of  it  boiled  in  a  test-tube 
with  Fehling's  solution,  when  it  was  found  that,  instead  of  the  im- 
mediate and  copious  formation  of  yellow  or  red  precipitate  en- 
countered in  examinations  of  the  liver  conducted  without  the 
observance  of  the  precautions  referred  to,  the  contents  of  the  test- 
tube  remained  blue,  and  only  after  standing  exhibited  a  slight  sub- 
sidence of  red  oxide  particles. 

Such  was  the  method  of  experimenting  by  which  I  showed  the 
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fallacy  of  taking  the  results  of  ordinarily  conducted  examinations  of 
the  liver  in  a  post-viortevi  state  as  representing  the  condition  existing 
during  life.  The  strongly  saccharine  condition  of  the  liver,  which 
had  been  erroneously  assumed  to  represent  the  physiological  state, 
formed  one  of  the  two  main  points  of  consideration  that  led  to  the 
evolution  of  the  glycogenic  theoi'y  propounded  by  Bernard ;  the  other 
main  point  being  the  character  taken  to  belong  naturally  to  the  blood 
issuing  from  the  liver,  which  I  shall,  later  on,  show  to  have  been 
equally  founded  on  error. 

Since  the  time  when  my  original  experiments  were  conducted,  con- 
siderable advance  has  been  made  in  analytical  procedure,  and  we  are 
now  placed  in  a  position  to  express  ourselves  in  language  other  than 
that  founded  upon  the  results  of  mere  qualitative  testing. 

Through  extraction  with  alcohol,  subjection  of  the  product  to  the 
inverting  action  of  sulphuric  acid,  and  the  employment  of  the 
ammoniated  cupric  test,  we  can  now  not  only  express  in  definite 
numerical  terms  the  precise  amoiint  of  sugar  existing,  but  also  indi- 
cate the  nature  of  the  sugar  that  is  present. 

In  the  application  of  quantitative  determination  to  the  frozen 
liver,  tlie  process  to  be  adopted  is  as  follows  :  a  weighed  portion  of 
the  pulp  obtained  by  pounding  in  a  cooled  mortar  is  treated  with 
alcohol  in  a  manner  to  secure  the  thorough  extraction  of  the  sugar. 
Once  thoroughly  permeated  by  alcohol,  the  liver  substance  is  no  longer 
in  a  condition  to  undergo  change.  Through  the  influence  exerted  by 
the  spirit,  the  ferment  is  thrown  into  a  state  of  suspended  activity. 
After  dividing  the  product  of  alcoholic  extraction  into  two  portions, 
one  is  titrated  at  once  with  the  ammoniated  cupric  test,  whilst  the 
other  is  titrated  after  having  been  previously  subjected  to  Ihe  in- 
verting influence  of  sulphuric  acid.  From  the  two  sets  of  figures 
obtained  information  is  given  concerning  the  character  of  the  sugar 
present. 

The  amount  of  sugar  encountered  in  the  experiments  that  I  have 
conducted,  in  the  manner  described,  upon  the  dog,  cat,  and  rabbit, 
has  been  found  to  stand  at  about  2  to  3  per  1000,  but  I  have  amongst 
my  records  instances  in  which  it  was  found  to  stand  as  low  as  about 
1  per  1000.  If  the  removal  and  freezing  of  the  liver  have  not  been 
expeditiously  performed,  higher  figures  must  bo  looked  for. 

The  amount  of  sugar,  on  the  other  hand,  ordinarily  encountered  in 
a  liver  removed  a  few  minvites  after  death,  and  not  subjected  to 
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special  treatment  for  the  arrest  of  ferment  action,  may  be  said  to 
stand  at  somewhere  about  12  to  15  per  1000;  more  will  be  found  as 
time  goes  on,  and,  after  the  lapse  of  18  to  24  hours,  the  quantity 
ordinarily  met  with  amounts  to  from  about  20  to  30  or  35  per  1000. 
Naturally,  the  amount  will  vary,  according  to  the  circumstances,  as 
regards  temperature,  &c.,  existing.  A  necessary  factor  for  the 
occurrence  of  sugar  production  is,  of  course,  the  presence  of  glycogen, 
but  I  think  it  may  be  said  that  when  glycogen  is  present  in  very 
large  quantity  the  production  proceeds  less  actively  and  less  exten- 
sively than  when  it  exists  in  moderate  amount.  It  seems  as  if  the 
ferment  power  became  lessened  by  the  large  accumulation  existing. 
Apparently,  a  more  active  production  occurs  where  the  liver  is  allowed 
to  remain  full  of  blood  after  the  destruction  of  life  than  where  the  blood 
has  been  permitted  speedily  to  escape  from  the  vessels.  The  amount 
of  sugar  found  after  the  lapse  of  a  few  minutes  from  death  as  com- 
pared with  that  found  after  the  lapse  of  several  hours  shows  that  the 
production  proceeds  with  much  greater  activity  at  first  than  it  does 
later  on. 

As  representative  examples  of  the  state  existing  at  the  moment  of 
death,  I  may  give  the  results  of  four  experiments  performed  in  the 
Research  Laboratories  of  the  Royal  Colleges  of  Physicians  and 
Surgeons  whilst  the  manuscript  for  these  pages  was  in  course  of 
preparation.  Four  healthy  good-sized  rabbits  were  taken,  without 
selection,  from  a  hutch.  After  death  by  pithing,  the  livers  were  as 
expeditiously  as  possible  removed  and  plunged  into  a  freezing  mix- 
ture, and  subsequently  dealt  with  in  the  manner  that  has  been 
described. 


Amount  and  Nature  of  Sugar  found  in  the  Liver  promptli/  removed  and 

frozen.  ^ 


Eabbit.  A  sulpluiric  acid 

Latter         ,,  „ 

Eabbit  B  {^IJT  " 

^^^^^^  {a£^  ; 

^^^^^^  {afir   ;;  : 


Sugar  per  1000, 
expressed  as 
glucose, 

1-  601 

2-  142 

2-  344 

3-  248 
1  -946 
2-828 

1-  664 

2-  400 


Cupric  oxide  reducing 
power  of  the  sugar 
present  in  relation  to 
that  of  glucose 
at  100. 


}7. 

}72 
}69 


1 69 


138 


THE  LIVER  IN  RELATION  TO  SUGAR. 


To  give  completeness  to  the  experiments,  quantitative  determina- 
tions of  the  glycogen  were  made,  and  the  amounts  found  stood  as 
follows :  in  rabbit  A,  76;  B,  59  ;  C,  7  ;  and  D,  114  per  1000. 

I  have  given  examples  representative  of  the  state  of  the  liver  in 
relation  to  sugar  at  the  instant  of  death.  I  will  now  give  further 
examples,  also  consisting  of  recently  performed  experiments,  in  illus- 
tration of  the  difference  found  to  exist  in  the  state  of  the  organ  at  the 
instant  of  death  and  at  subsequent  periods.  Two  rabbits  were  killed 
by  pithing,  rapidly  opened,  and  a  portion  of  the  liver  of  each  excised 
and  plunged  into  a  freezing  mixture.  A  few  minutes  later,  the  other 
portion  was  removed,  part  of  it  taken  at  once  for  examination,  and 
the  remainder  set  aside  until  the  following  day,  when  it  was  also 
taken  for  analysis. 


Amount  and  Nature  of  Sugar  in  the  Liver  at  the  Moment  of  Death 
and  at  subseque7it  periods. 

Cupric  oxide 
reducing  power 

of  the  sugar 
present  in  rela- 
tion to  tliat  of 
glucose  at  100. 

Eabbit  E, 
Frozen  1 
Liver,  a 


Liver,    left  till 


Eabbit  F. 
Frozen  liver 


Liver,    left    till  the 


Sugar  per  1000, 

expressed  as 

glucose. 

before  sulp 

huricacid..  2-000 

after  , 

2-260 

before  , 

„  ..  12-940 

after  , 

„  ..  12-940 

before  , 

„  ..  34-340 

after  , 

„  ..  36-820 

before  , 

0-980 

after  , 

1-060 

before  , 

„  ,.  11-550 

after  , 

„  ..  12-130 

before  , 

,          „  ..  33-280 

after  , 

,          „  ..  32-530 

hicose 
93 

92 
95 

lucose 


As  regards  the  nature  of  the  sugar,  it  is  to  be  stated  that,  whilst  in 
the  liver  taken  ordinarily  after  deatli  the  sugar  present  is  usually 
in  the  form  of  glucose,  that  met  with  in  the  frozen  liver  is  usually, 
on  the  other  hand,  found  to  possess  a  cupric  oxide  reducing  power  of 
a  lower  degree — a  cupric  oxide  reducing  power,  indeed,  often  approach- 
ing or  even,  it  may  be,  standing  below  that  of  maltose. 

The  following  are  photo- engravings  from  micro-photographs  of 


SUGAR  OF  LIVER  AT  MOMENT  OF  DEATH, 


139 


Osazone  crystals  from  the  sugar  of  a  rabbit's  liver  frozen  instantly  after  death. 
Magnified  400  diameters. 
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Acicular  glueosazone  crystals  from  the  sugar  of  a  dog's  liver  taken  in  an 
ordinary  way  after  doatli.     Magnified  400  diameters. 


Whilst  it  is  necessary,  in  dealing  -with  the  liver  of  the  warm- 
blooded animal,  to  observe  the  precautions  which  I  have  particular- 
ised in  order  to  obtain  a  correct  representation  of  the  state  belonging 
to  life,  in  the  case  of  that  of  the  cold-blooded  animal  the  conditions 
are  such  as  not  to  require  that  similar  expedients  should  be  had  re- 
course to.  With  the  low  body  temperatui'e  existing,  there  is  not  the 
same  rapid  post-mortem  production  of  sugar  occurring,  and,  if  no  un- 
necessary delay  is  permitted,  an  ordinarily  conducted  examination 
suffices.  Subjoined  are  examples  of  the  condition  met  with  in 
animals  of  this  kind,  and  I  will  allow  the  figures  to  speak  for  them- 
selves, 
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Amount  and  Nature  of  Sugar  in  Livers  of  Cold-hlooded  Animals. 


Reptile. 


Sugar  per  1000, 
expressed  as 
glucose. 


rp    ,  •      r  before  sulphuric  acid   1  '250 

iortoise.  I  ^^^g^.    2-170 

T,    .  .  ~  /before  .,         ,   0-852 

Tortoise.  I  -    ^.437 

Amphibian. 

r  before  „         „    1-31(5 

^^■''g  •••  iafter  „         „    1-724 


Cupric  oxide 
reducing  power 

of  the  sugar 
present  in  rela- 
tion to  that  of 
glucose  at  100. 

}" 

I59 


The  above  three  observations  were  conducted  during  an  October 
month.  The  temperature  was  mild  for  the  time  of  year.  The 
animals  were  killed,  and  the  livers  afterwards  in  an  ordinary  way 
removed  and  submitted  to  analysis.  In  the  case  of  the  frog,  fifteen 
livers  were  taken  for  the  analysis  conducted.  A  large  amount  of 
glycogen  in  each  of  the  observations  was  found  to  exist. 

The  frog  may  be  made  use  of  to  exemplify  the  modifying  influence 
exerted  by  the  body-temperature  existing  at  the  time  of  death  upon 
the  results  obtained  from  an  ordinarily- conducted  examination  of  the 
liver.  The  above  figures  were  derived  from  frogs  exposed  to  ordinary 
conditions  in  an  atmosphere,  as  stated,  of  medium  temperature.  A 
different  result  would  have  been  obtained  if,  previously  to  death,  the 
body-temperature  had  been  raised,  as  is  susceptible  of  being  done, 
by  placing  the  animal  in  an  artificially-heated  atmosphere.  Under 
these  circumstances,  the  liver  is  found  to  stand  in  a  position  corre- 
sponding with  that  of  the  warm-blooded  animal. 

I  have  referred  to  this  matter  in  my  previous  writing's,  and  in 
these  writings  I  cited  an  experiment  in  which  I  exposed  frogs  for  a 
couple  of  hours  to  the  influence  of  a  temperature  of  32°  C.  (90°  F.). 
An  examination  of  the  livers,  conducted  in  the  ordinary  way,  revealed, 
with  the  employment  of  Fehling's  solution,  the  presence  of  a  notable 
amount  of  sugar,  whilst  the  livers  of  a  duplicate  set  of  frogs  which 
had  not  been  similarly  exposed  to  the  elevated  temperature  failed  to 
give  evidence  of  a  similar  nature. 

The  phenomenon  to  which  I  have  been  alluding  did  not  escape  the 
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notice  of  Bernard.  In  the  '  Comptes  Rendus  '  of  the  Academy  of 
Sciences,  March,  1857,  he  stated  that  by  lowering  the  temperature  of 
a  batch  of  frogs  sugar  may  be  made  to  disappear  from  the  liver, 
and  that  on  afterwards  exposing  them  to  Avarmth  it  is  found  to 
reappear.  He  adds  that  it  is  possible  to  produce  this  singular  alter- 
nation of  appearance  and  disappearance  of  sugar  several  times, 
without  any  food  being  given,  solely  by  acting  upon  the  circula- 
tioQ  through  the  medium  of  temperature.  Whilst  thus  noticing 
the  fact,  Bernard  missed  its  true  interpretation,  which  is  connected 
not  in  reality  with  life  activity,  but  with  activity  coming  into  opera- 
tion after  death  and  contingent  upon  the  temj^erature  that  may 
happen  to  exist. 

Cupric  oxide 
reducing  power 
of  the  sugar 
Sugar  per  1000,       present  in  rela- 
expressed  as         tion  to  that  of 
glucose.  glucose  at  lUO. 

Fish. 

Q  ^         f  before  sulphuric  acid   1  ■  220  1 

°   ■■■■  "[after  ,,         „    1  "SOD  J 

^  1  r  before         „         ,,    2 '560  \aa 

(after  „    2-620 

Mackerel         "  3-000 

a  ,  /before        ,,         „    2-230 

Salmon.  I  ^j^^^.    3  .ggg  |61 

The  above  livers  were  obtained  from  the  fishmonger,  and  were 
therefore  derived  from  animals  which  had  been  for  some  time  dead. 
As  often  happens  with  livers  obtained  from  the  various  animals 
employed  for  consumption  as  food  the  total  amount  of  carbohydrate 
matter  was  found  to  be  small.  Unless  glycogen  is  present  in  quan- 
tity at  the  time  of  death,  there  is  not  the  source  for  a  large  amount 
of  sugai",  and,  in  the  case  of  the  fish  in  question,  the  amount  of 
glycogen  found  associated  with  the  sugar  was  small,  ranging  below  4 
per  1000. 
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Cupric  oxide  reducing 
power  of  the  sugar 

present  in 
relation  to  that  of 
glucose  at  100. 

I  87 
I  63 
1 88 
j79 

It  is  noticeable  that  the  amount  of  sugar  found  in  tlie  case  of  the 
crabs  was  much  larger  than  in  that  of  the  lobsters,  and  it  is  to  be 
remarked  that,  whilst  the  lobsters  when  taken  for  examination  were 
in  a  lively  and  active  state,  the  craba,  on  the  other  hand,  showed 
scai'cely  any  signs  of  life.  The  amount  of  glycogen  present  was  in 
each  instance  small. 

Mollush. — From  the  gi'oup  of  the  MoUnsca  I  have  taken  the  oyster 
and  mussel  for  examination.  The  liver  does  not  here  exist  in  a 
separate  form,  as  in  the  higher  animals.  It  is  interwoven  with  other 
structures,  and  these  were  included  in  what  was  taken  for  analysis. 
So  large  a  proportion  of  the  animal,  however,  consists  of  liver  that 
the  figures  obtained  may  be  regarded  as  in  the  main  belonging  to  it. 
The  following  are  representative  examples  drawn  from  the  recorded 
analyses  before  me.  The  animals  were  taken  in  the  freshly-opened 
state : — 

Cupric  oxide  reducing 
power  of  the  sugar 


Sugar  per  1000,  present  in 

expressed  as  relation  to  that  of 

Oyster.                                                        glucose.  glucose  at  100. 

Dutch  native....  {^r"  ^"^'f ^  } 
Dutch  .ative....{^,tT       l         IW  ?S 

Whitstablenativej^^t"      :         IW    I'f^O  j^^ 

Cookingoyster..{5^47      >>         ;;;;    \:f^  }23 
Mussel. 

Salt-water  mussel  }30 


Crustacean. 


Lobst  r  I  before  sulphuric  acid 

L after  , 


Lobster 


Crab 


Crab 


/  before 
'  ■  \  after 
J  before 
\  after 
f  before 
■  ■  1  after 


Sugar  per  1000, 
expressed  as 
glucose. 

1-  730 
1  -980 

2-  150 

3-  400 

7-  250 

8-  100 
6-600 
8-280 


From  what  will  be  adduced  further  on  (p.  194,  et  seq.),  when  refer- 
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ence  is  made  to  the  sugar  existing  in  other  structures  of  the  body,  it 
■will  be  seen  that,  taking  the  condition  at  the  moment  of  death,  no 
material  difference  is  discernible  between  the  liver  and  these  other 
sti'uctures.  In  the  spleen,  for  example,  and  the  pancreas,  kidney, 
brain,  lung,  placenta,  and  the  same  is  true  of  the  egg,  sugar  is 
invariably  to  be  found ;  and,  summarily  expressed,  the  amount  may 
be  said  to  vary  from  about  1  or  2  to  3  or  4,  and  occasionally  more, 
per  1000.  In  muscle  the  ordinary  range  stands  rather  higher,  and 
quantities  of  6  and  7  per  1000,  and  even  beyond,  are  sometimes  met 
with. 

Looking,  therefore,  to  the  state  existing  at  the  moment  of  death, 
we  find  nothing,  as  far  as  sugar  is  concerned,  to  lead  us  to  view  the 
liver  as  standing  in  a  different  position  from  the  other  structures  of 
the  body.  There  is  this,  howevei*,  that  is  distinctive  as  regai-ds  the 
liver  :  the  amount  of  glycogen,  due  to  the  position  in  which  the 
organ  is  placed  in  relation  to  ingested  carbohydrates,  is,  under 
normal  conditions,  much  larger  than  elsewhere ;  and,  in  addition, 
there  is  present,  or,  it  may  be,  there  becomes  developed,  at  death  a 
very  energetic  sugar-forming  ferment. 

It  is  through  the  coexistence  of  these  two  factors  that  the  capacity 
exists  for  the  rapid  and  extensive  production  of  sugar  that  is  noticed 
at  a  suitably  elevated  temperature  to  occur.  As  far  as  the  glycogen 
is  concerned,  there  is  the  capacity  during  life,  but  obviously  there 
must  be  a  restraining  or  inhibitory  influence  in  operation  preventing 
the  ferment  change  which  occurs  after  death.  It  is  not  permissible 
to  suppose  that  the  same  ferment  change  is  taking  place  during  life 
that  is  observed  after  death,  and  that  the  I'emoval  of  the  resulting 
sugar  by  the  circulation  constitutes  the  only  difference  existing  ;  for, 
apart  from  other  considerations  elsewhere  adduced  in  this  work, 
which  sufficiently  negative  such  a  proposition,  the  following  argu- 
ment stands  in  contravention. 

From  observation,  it  may  be  stated  that  sugar  is  produced  in  the  liver 
during  the  first  few — say  ten — minutes  after  death  to  the  extent  of 
about  10  to  12  per  1000.  With  an  average  amount  of  glycogen  present, 
even  assuming  the  liver  of  the  rabbit  to  be  taken  in  which  the  amount  is 
larger  than  in  many  other  animals,  it  is  shown  by  calculation  (based 
upon  a  proportion  of  50  per  1000)  that  the  whole  would  disappear  in 
about  three-quarters  of  an  hour  if  the  production  of  sugar  took  place 
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at  the  rate  above  mentioned.  Fui'ther,  in  the  case  of  the  carnivoroas 
animal,  from  the  smallness  of  the  amount  of  glycogou  existing,  it 
would  sometimes  happen  tliat  only  a  limited  number  of  minutes 
■would  be  required  for  a  total  disappearance  to  occur.  It  is  true  that 
■whilst  digestion  and  absorption  are  going  on  a  formation  of  glycogen 
is  taking  place,  which  would  have  a  counterbalancing  effect.  At  a 
pei'iod  of  fasting,  however,  no  such  source  of  productioa  exists,  and 
yet,  after  a  fast  of  twenty-four  or  even  forty-eight  hours,  a  cousider- 
able  amount  of  glycogen  is  ordinarily  found  to  be  present,  it  being 
only  after  more  prolonged  fasting  that  it  may  be  expected  to  be 
absent. 

The  ti-ain  of  reasoning  that  I  have  adduced  does  not  stand  upon  a 
mere  postulatory  basis.  Under  certain  conditions,  which  may  be 
evoked  experimentall}^  -sugar  is  actually  produced  in  the  liver  during 
life.  As  a  result,  it  reaches  the  general  circulation,  and  thence  the 
urine,  which  thus  becomes  an  indicator  of  the  state  of  things  existing 
within.  Years  ago  I  noticed,  and  was  struck  by,  the  short  time 
sufficing  for  the  liver  to  lose  its  glycogen  in  experiments  attended 
with  the  artificial  production  of  glycosuria.  With  animals  killed  at 
the  end  of  an  hour,  or  even  less,  I  often  failed  to  observe  the  presence 
either  of  sugar,  by  rough  testing  with  Fehling's  solution,  or  of 
glycogen.  TLe  inhalation  cf  caibonic  oxide,  either  directly,  mixed 
with  air,  or  indirectly,  employed  in  the  form  of  puff-ball  smoke,  con- 
stitutes one  of  the  conditions  leading  to  the  production  of  sugar  in 
the  liver  and  its  passage  into  the  blood  and  urine.  I  have  recently, 
with  the  improved  methods  of  analysis  now  at  command,  conducted 
experiments  of  a  quantitative  nature.  In  these,  the  blood  collected 
at  the  instant  of  death  showed  the  presence  of  an  abnormally  large 
quantity  of  sugar,  the  amount  standing  in  one  instance  as  high  as 
4'38  per  1000.  The  livers  were  taken  without  subjection  to  special 
treatmeiit,  and  thus  attention  required  to  be  given  to  the  amount 
of  sugar  present,  as  well  as  that  of  glycogen,  in  order  that  loss  of  the 
latter  from  post-mortem  change  might  not  escape  consideration.  In 
the  case  of  a  cat,  submitted  for  a  quarter  of  an  hour  to  the  influence 
of  puff-ball  smoke,  the  glycogen  figures  stood  at  5"05  per  1000  and  the 
sugar  at  13"69  per  1000,  both  expressed  as  glucose.  In  that  of 
another  cat,  submitted  to  similar  treatment  for  half  an  hour,  the 
glycogen  figures  stood  at  3"10,  and  the  sugar  at  4'94  per  1000.  In 
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that  of  a  dog,  similarly  treated  for  three-quarters  of  an  hour,  the 
figures  for  glycogen  were  4'27  per  1000,  and  for  sugar  1"05  per  1000. 

The  position  pertaining  to  life  appears  to  be  an  anomalous  one, 
but  in  reality  it  may  be  said  to  be  analogous  to  that  which  obtains  in 
relation  to  the  coagulation  of  the  blood.  Here  the  factors  tending  to 
produce  coagulation  are  prevented  normally  during  life  from  coming 
into  play,  but  are  permitted  to  do  so  after  removal  of  the  blood  from 
the  vessels.  The  analogy,  even,  may  be  followed  further,  for  con- 
ditions may  arise  which  permit  the  blood  to  coagulate  whilst  con- 
tained in  the  living  vessels,  and  in  like  manner  the  liver  may  be 
placed  under  conditions  to  permit  of  the  manifestation  of  ferment 
activity,  resulting  in  the  production  of  sugar,  its  passage  into  the 
circulation,  and  its  escape  with  the  urine. 

Production  of  Sugar  in  the  Liver  after  its  Bemoval  and  the  Passage  of 
a  Stream  of  Water  through  its  Vessels  to  wash  out  the  Blood. 

It  was  discovered  by  Bernard,  at  an  early  period  of  his  investiga- 
tions, that  in  the  liver-substance  washed  free  from  blood  the  capacity 
exists  for  the  production  of  sugar.  If  means  be  adopted  to  connect 
the  portal  vein  with  a  water-tap,  and  the  tap  be  turned  on,  the  water 
passes  through  the  continuing  vessels  and  escapes  from  the  hepatic 
vein,  carrying  away  the  blood,  and  at  the  same  time  sugar  and  a 
certain  amount  of  glycogen.  During  the  process  the  liver  becomes 
enormously  swollen  and  oedematous,  and  likewise  loses  its  colour.  If 
it  is  subsequently  placed  in  a  position  for  ferment  action  to  occur, 
sugar  is  found  to  be  produced.  Whilst  such,  from  Bernard's  time, 
has  been  known,  nothing  has  hitherto  been  said  about  the  nature  of 
the  sugar  that  is  formed. 

Upon  the  strength  of  the  collection  of  results  before  me,  the  state- 
ment may  be  made  that  the  liver-substance  contains  a  ferment 
possessing  a  glucose-forming  capacity,  but  that  a  variable  kind  of 
sugar  product  is  met  with. 

"Whilst  a  product  with  a  cupric  oxide  reducing  power  more  or  less 
considerably  below  that  of  glucose  is  ordinarily  encountered,  glucose, 
on  the  other  hand,  may  happen  to  be  found.  It  has  appeared  to  mc 
as  though  there  has  sometimes  been  an  extensive  amount  of  glycogen 
transformed  into  a  product  of  low  cupric  oxide  reducing  poAver,  and 
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at  other  times  a  less  amount  of  material  transformed,  with  the  ac- 
quirement of  a  higher  degree  of  cupric  oxide  reducing  power. 

The  effect  of  adding  blood  to  the  washed  liver  is  to  increase 
materially  the  amount  of  sugar  produced.  As  regards  the  nature  of 
the  sugar  formed,  nothing  more  definite  can  be  said  than  that  a  con- 
siderable variation  has  been  noticed  in  the  cupric  oxide  reducing 
power  of  the  product  found  to  be  present. 

Production  of  Sugar  in  Liver  Substance  previously  Coagulated  hy 

Alcohol. 

It  is  liver-substance  in  a  fresh  state  which  has  thus  far  formed  the 
subject  of  consideratiouj  and  nothing  is  deducible  from  the  informa- 
tion that  has  been  supplied  which  can  be  taken  as  pointing  to  the 
production  of  sugar  being  other  than  the  result  of  simple  ferment 
action  independent  of  connexion  with  vital  activity :  an  action  com- 
parable to  that  exerted  by  the  ordinary  amylolytic  ferments — diastase, 
ptyalin,  &c.  The  only  difference  that  is  presented  is  that,  in  the  one 
case,  the  capacity  exists  for  carrying  on  the  change  to  the  stage  of 
glucose,  whilst,  in  the  other,  it  only  exists  to  a  sufl&cient  extent  to  lead 
to  the  production  of  maltose. 

I  now  proceed  to  show  that  the  liver-substance,  after  subjection  to 
the  coagulating  influence  of  alcohol,  still  retains  its  capacity  for 
sugar  production — a  fact  which  affords  absolute  proof,  if  indeed  the 
idea  could  now  exist  in  the  mind  of  anyone  that  proof  were  wanting, 
that  the  phenomenon  is  not  dependent  upon  the  metabolic  power 
resident  in  the  living  cells  of  the  liver. 

After  coagulation  by  alcohol,  the  liver-substance  is  not  prone  to 
undergo  change  on  keeping,  and  consequently  may  be  preserved  for 
any  length  of  time  in  a  condition  convenient  for  the  purposes  of 
experiment  in  connexion  with  the  question  of  ferment  action.  This 
question  in  its  bearings  upon  the  liver  I  have  somewhat  extensively 
studied,  and  in  the  succeeding  pages  I  will  give  an  account  of  the 
results  obtained. 

The  liver  selected  for  use  should  be  one  containing  a  fair  amount 
of  glycogen,  and  should  be  taken  before  loss  of  glycogen  by  trans- 
formation into  sugar  has  been  permitted  to  any  marked  extent  to 
occur.    After  being  thoroughly  reduced  to  a  pulp  in  a  mortar,  it  is 
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placed  in  a  sufficiency  of  alcoliol  to  fully  secure  coagulation.  The 
alcohol  is  afterwards  strained  off,  and  with  it  is  removed  the  gi-eater 
portion  of  the  sugar  that  may  happen  to  have  been  present.  The 
coagulated  material  is  now  allowed  to  dry,  either  spontaneously  or 
over  sulphuric  acid  in  a  desiccator.  Heat  must  not  be  employed, 
unless  the  temperature  be  kept  below  {he  point  at  which  the  ferment 
becomes  destroyed. 

If  the  liver-substance  thus  prepared  be  treated  with  water  and 
exposed  to  moderate  warmth,  change  ensues,  attended  with  the  pro- 
duction of  sugar.  To  reveal  this  sugar-production  the  employment 
of  an  analytical  procedure  is  necessary,  and  a  determination  must  be 
made,  not  only  of  the  amount  of  sugar  in  the  product  at  the  end  of 
the  experiment,  but  also  of  the  small  amount  existing  in  the  dry 
material  that  escaped  removal  with  the  alcohol  used  in  the  preliminary 
step  of  coagulation  :  the  figures  for  this  requiring  to  be  deducted 
from  the  others  in  order  to  obtain  a  representation  of  the  actual 
amount  of  sugar  produced. 

The  process  I  have  mentioned  as  being  in  general  use  in  my  in- 
vestigations supplies  the  information  that  is  wanted.  The  sugar, 
after  being  fully  extracted  with  alcohol,  is  estimated  by  titration  with 
the  copper  test,  before  and  after  boiling  with  sulphuric  acid.  In  this 
way  both  its  amount  and  nature  are  revealed. 

The  residue  from  alcoholic  extraction  is,  in  the  next  place,  sub- 
jected to  boiling  with  potash  and  treatment  with  spirit  to  precipitate 
the  glycogen  present.  The  amount  of  this  is  subsequently  ascer- 
tained by  conversion  into  glucose  by  the  agency  of  sulphuric  acid 
and  the  employment  of  the  copper  test. 

By  means  of  this  double  process,  data  are  supplied  for  comparing 
the  gain  of  sugar  with  the  loss  of  glycogen,  and,  if  the  carbohydrate 
is  expressed  throughout  as  glucose,  wo  have  equivalent  terms  of 
expression  to  deal  with,  permitting  the  figui'es  on  the  two  sides  to 
be  read  off  as  they  stand. 

On  experimenting  in  the  manner  that  has  been  described,  we  learn 
that  a  progressive  production  of  sugar  takes  place,  concurrently  with 
a  disappearance  of  glycogen.  In  some  of  the  experiments  that  I 
have  conducted,  the  change  has  been  observed  to  advauce  almost  to 
the  point  of  a  complete  I'eplacement  of  the  glycogen  by  sugar.  We 
Iciirii  further,  it  may  be  said,  that  a  grndiial  increase  of  the  cupric 
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oxide  reducing  power  of  the  sugar  produced  takes  place,  until  the 
stage  of  glucose  is  reached. 

The  following  tabular  representation  shows  the  results  obtained  in 
an  experiment  where  the  product  was  examined  after  varying  periods 
of  exposure  to  a  temperature  of  38°  C.  1" 5-gram  portions  of  the 
dried  liver- substance  with  20  c.c.  of  water  were  placed  in  separate 
flasks,  and  exposed  alongside  each  other  for  the  time  specified  in  the 
table.  They  were  then  removed  and  submitted  to  analysis.  The  figures 
given  to  represent  the  state  of  the  dried  liver-substance  existing  at 
starting  constitute  the  mean  of  four  analyses,  vrliich,  it  may  be  re- 
marked, stood  throughout  in  close  accord  with  each  other. 
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The  figures  in  the  columns  under  the  headings  of  "  Sugar,  after 
treatment  with  sulphuric  acid  (glucose)  "  and  "  Glycogen,  expressed 
as  glucose,"  enable  us  to  compare  the  gain  of  sugar  with  the  loss  of 
glycogen.  Theoretically,  on  the  assumption  that  glycogen  is  simply 
transformed  into  sugar,  there  should  be  an  accord  between  the  two 
sets  of  figures,  or,  in  other  words,  no  alteration  in  the  total  amount 
of  carbohydrate.  Practically,  as  seen  in  the  table  above,  which 
agrees  in  the  main  with  what  is  shown  by  other  results  that  have 
been  obtained,  a  general  correspondence  between  gain  and  loss  is  to 
be  observed,  especially  after  limited  periods  of  exposure.  Upon  the 
whole,  however,  it  must  be  said  that  the  loss  is  usually  somewhat 
greater  than  the  gain,  and  this  becomes  more  marked  as  the  experi- 
ment proceeds,  ending  with  a  pronounced  diminution  in  the  total 
carbohydrate  where  the  exposure  has  been  allowed  to  run  on  for  a 
period  of  twenty-four  hours. 

It  may  here  be  remarked  that  experimental  observations  upon 
sugar-production  in  the  fresh  liver  have  yielded  the  same  kind  of 
evidence  regarding  the  relation  between  gain  of  sugar  and  loss  of 
glycogen.  At  the  same  time,  it  must  be  stated  that  in  some  instances 
results  have  been  met  with  which  can  only,  with  our  present  know- 
ledge, be  characterised  as  presenting  an  anomalous  appearance.  It 
has  seemed  as  though  carbohydrate  material  has,  upon  some  occasions, 
been  brought  into  evidence  from  a  latent  or  some  other  state,  and, 
conversely,  upon  others,  has  disappeared  from  view. 

With  reference  to  the  disappearance  of  carbohydrate,  the  experi- 
ments I  have  conducted  in  search  of  an  explanation  have  led  to  the 
discovery  of  a  point  in  connexion  with  the  analytical  procedure  for 
the  determination  of  glycogen,  which  goes  towards  accounting  for  a 
certain  amount  of  loss.  The  product  for  analysis,  it  will  be  re- 
membered, is  first  of  all  extracted  with  alcohol  for  the  removal  of 
the  sugars.  The  coagulated  residue  containing  the  glycogen  is  then 
boiled  with  potash  to  disintegrate  and  dissolve  the  nitrogenous 
matter,  and  as  far  as  possible  place  it  in  a  position  to  be  soluble  in, 
and  susceptible  of  removal  by,  alcohol.  As  long  as  glycogen  is  the 
principle  that  has  to  be  dealt  with,  no  sensible  amount  of  destruction  is 
occasioned  by  the  boiling  with  potash,  and,  in  harmony,  it  is  noticeable 
that  in  the  analyses  of  glycogen-containing  products  which  have 
not  been  exposed  to  the  modifying  influence  of  ferment  action  the 
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results  are  found  to  stand  in  close  conformity  with  what  might  he 
looked  for.  Where  proiucts,  lioivever,  are  dealt  with  in  which 
change  through  ferment  action  has  occurred,  a  certain  amount  of 
lo!?s  of  carbohydrate  is,  as  an  ordinaiy  occurrence,  observable  in  the 
analytical  results  obtained.  Thus  it  is  aftei",  and  only  after,  ferment 
action  that  the  analytical  results  show  the  loss  of  carbohydrate. 

Upon  reflecting  on  the  matter,  the  question  presented  itself  to  my 
mind  whether,  after  tbe  ferment  action,  there  might  not  be  a  dextrin 
precipitated  together  with  the  glycogen  by  the  alcohol,  which  failed 
to  resist  destruction  daring  the  process  of  boiling  with  the  10  per 
cent,  solution  of  potash.  I  submitted  the  question  to  the  test  of 
experiment  in  the  following  way,  and  the  results  obtained  furnished 
a  decided  answer. 

For  the  settlement  of  the  point,  it  is  immaterial  whether  recourse 
be  had  to  the  employment  of  starch  or  glycogen,  on  account  of  the 
analogous  positions  held  by  these  bodies  in  relation  to  the  matter  and 
the  similarity  of  the  pro:lucts  generated.  It  is  also  immaterial 
which  of  the  amylolytic  ferments  is  made  use  of.  In  the  experiments 
performed,  starch,  paste,  and  pancreatic  ferment  were  the  materials 
employed. 

After  ferment  action  had  been  allowed  to  proceed  for  a  short  time, 
alcohol  was  freely  added  to  dissolve  out  and  separate  the  sugar  and 
soluble  dextrins  formed.  Tbe  residue  was  collected  as  in  the  ordi- 
7iary  analytical  procedure,  and,  after  being  washed,  was  divided  into 
two  equal  portions.  Both  were  then  mixed  with  the  usual  quantity 
of  potash.  Thus  far,  the  steps  adopted  presented  no  variation  from 
the  usual  course.  In  the  next  step,  however,  one  portion  was  boiled 
for  the  accustomed  time  with  the  potash,  whilst  the  other  was  .simply 
I)laced  in  contact  with  it  in  the  cold.  Each  was  then  poured  into 
spirit,  and  the  respective  precipitates  were  afterwards  collected  and 
subjected  to  the  inverting  action  of  sulphuric  acid.  The  results 
obtained  showed  a  conspicuously  smaller  amount  of  carbohydrate 
Avhei'c  the  product  had  been  boiled  with  potash  than  where  it  had 
been  simply  treated  with  potash  in  the  cold.  Seeing  that  starch  is 
not  attacked  by  boiling  with  potash  solution  of  the  sti'ength  used 
(and  the  same  holds  good  for  glycogen),  it  is  rendered  evident  that 
the  residue  remaining  from  the  alcoholic  extraction  of  the  product 
of    ferment    action    contained    something    besides  untransformcil 


SUGAE-PRODUCTIOX  AFTER  ALCOHOL  COAGULATION.  153 


starcli.  It  may  be  assumed  that  some  slightly  transformed 
material,  insoluble  in  spirit,  existed,  which,  unlike  the  starch,  failed 
to  resist  destruction  on  boiling  with  the  10  per  cent,  solution  of 
potash.  The  loss  of  carbohydrate  matter  appearing  in  the  results  is 
thus  to  be  accounted  for  without  bringing  into  the  question  the 
occurrence  of  loss  from  the  fei-ment  action. 


Alcohol-coagulated  Liver -sub stance  with  Blood. 

A  tabular  representation  of  the  results  of  experiments  bearing  on 
sugar-production  in  alcohol-coagulated  liver-substance  taken  alone 
was  given  a  few  pages  back.  I  have  conducted  similar  experiments 
upon  the  same  specimen  of  liver-substance,  with  the  addition  of  blood 
which  had  been  dried  at  a  temperature  below  that  destructive  of 
ferment  activity,  and  the  results,  as  in  the  case  of  those  obtained 
from  the  admixture  of  blood  with  the  fresh  liver,  show  that  a  larger 
production  of  sugar  takes  place  than  when  the  liver  is  dealt  with 
alone.  A  comparison  of  the  table  given  below  with  that  previously 
introduced  stands  in  support  of  this  statement.  An  eifect  also 
noticeable  is  that  the  product  possesses  a  somewhat  higher  cupric 
oxide  reducing  power.  The  quantity  of  dried  liver  taken  was  the 
same  as  in  the  other  experiments,  viz.  1'5  grams,  and  the  quantity 
of  dried  blood  employed  was  1  gram.  The  sugar  intrinsically 
belonging  to  the  blood,  as  shown  by  an  examination  made,  was  too 
insignificant  in  amount'to  need  consideration. 
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Influence  of  Sodium  Carbonate  and  Gitric  Acid  on  Ferment  Change  in 


I  have  tried  the  effect  produced  by  small  quantities  of  sodium 
carbonate  and  citric  acid  upon  the  change  occurring  in  the  alcohol- 
coagulated  liver-substance  which  has  just  been  dealt  with  as  a  basis 
of  observation.  The  issue  of  the  experiments  conducted  is  to  show 
that  the  influence  of  the  presence  of  sodium  carbonate  is  in  the 
direction  of  diminishing  the  amount  of  transformation  taking  place, 
without  in  any  marked  manner  affecting  the  cupric  oxide  reducing 
power  of  the  sugar  produced  ;  whilst  the  influence  of  citric  acid  is  in 
the  direction  of  increasing  the  cupric  oxide  reducing  power  of  the 
sugar-product,  rather  than  in  that  of  producing  any  decided  alteration 
in  the  amount  of  carbohydrate  transformed. 

The  effect  of  a  large  amount  of  sodium  carbonate,  like  that  of  the 
caustic  alkali,  is  to  arrest  ferment  change.  This  may  be  shown  not 
only  by  treatment  of  the  liver  after  death,  but  likewise  by  the  intro- 
duction of  the  agent  into  the  organ  during  life.  In  an  experiment 
upon  a  dog,  placed  and  kept  under  the  influence  of  ether,  a  lobe  of 
the  liver  was  isolated  by  a  ligature  and  excised.  20  grams  of  sodium 
carbonate  in  80  c.c.  of  water  were  then  injected  into  a  branch  of  the 
mesenteric  vein.  Death  occurred  immediately  after  the  completion  of 
the  injection.  A  portion  of  the  liver,  which  was  shown  by  its  black 
colour  to  have  been  fully  penetrated  by  the  agent,  was  taken  for  ex- 
amination, as  well  as  the  lobe  that  had  been  excised  before  the 
injection  was  made.  In  each  case,  a  certain  period  of  time  elapsed 
between  the  removal  of  the  piece  to  be  examined  and  the  commence- 
ment of  the  analysis.    The  results  obtained  were  as  follows  : — 


the  Liver. 


Sugar  per  1000, 
expressed  as  glucose. 


21  -200 
21  -200 


1-  600 

2-  200 


In  another  experiment  a  dog  was  similarly  anaesthetised.  After 
the  isolation  and  removal  of  one  lobe  of  the  liver,  10  grams  of  sodium 


156 


THE  LIVER  IN  RELATION  TO  SUGAR. 


carbonate  in  40  c.c.  of  water  were  injected  into  the  liepatic  duct. 
Ten  minutes  later,  the  animal  was  killed  hj  pithing.  A  portion  of 
the  liver  that  had  been  penetrated  bj  the  injection  was,  as  in  the 
preceding  experiment,  made  the  subject  of  comparative  examination 
with  the  portion  previously  removed.  As  a  further  step,  portions  of 
the  two  specimens  wei'e  placed  aside  and  examined  on  the  following 
day.    The  analyses  yielded  the  following  results  : — 

Sugar  per  1000, 
expressed  as  glucose. 

Portior  of  liver  excised"' 

before  the  injeciion  I  ^^^^^^  s„ipi,i,ric  acid   0  "400 

of  the  sodium  carbon-  ^^^^^^        ^    .qqq 

ate,    taken    a    short  " 
time  after  removal  . .  ^ 

Portion   of   the   same  "I  ^^^^^^^    jg.gO^ 

specimen    taken    on  ^  ^^.^^^  _    .q^q 

the  roUowmg  day. . .  J 

Portion  of  liver  removed") 

after  the  injection  of  Lg^^^.^    ^  .g^g 

the  sodium  carbonate,  >  ...  „  .nnn 

,     ,1  1     Yi      atter  ,,   z  uuu 

and     taken    shortly  | 

afterwards  J 

Portion  of    the  same|  ^^^^^^.^    2-000 

!rTr  •      f    ""f  after  „         „    2-800 

the  lollowing  day. , .  J 

It  will  be  seen  that  the  sodium  carbonate  employed  in  these  experi- 
ments had  the  effect,  practically,  of  arresting  ferment  action.  The 
agent  thus  affords  a  means  of  placing  the  liver  in  a  position  to  escape 
undergoing  Jjos^-Hjor^em  change,  and  to  permit  of  a  representation  of  the 
state  belonging  to  life  being  obtained  without  recourse  to  the  precau- 
tionary measures  otherwise  necessary  in  the  process  of  examination. 
If  reference  be  made  to  the  analyses  in  which  post-mortem  change 
was  prevented  by  freezing  (pp.  137 — 138),  it  will  be  found  that  a 
strict  accord  is  noticeable  in  the  figures  yielded  by  the  two  modes 
of  experimenting. 
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Ta  accordance  with  what  is  observed  elsewhere  throughout  the 
system,  the  blood  is  found  to  contain  a  cei'tain  amount  of  sugar. 
Both  the  nature  and  amount  of  this  I  will  proceed  to  consider. 

Nature  of  Sugar  present  in  Blood. 

To  determine  tbe  nature  of  the  sugar  present  the  process  of 
alcoholic  extraction,  previously  described  in  detail  (p.  61),  should 
be  adopted  in  order  to  avoid  the  simultaneous  extraction  of  glycogen 
whicb,  to  a  certain  extent,  occurs  when  water  is  employed,  and  which 
would  lead  to  the  introduction  of  error  through,  tbe  production  of 
sugar  under  the  process  of  treatment  with  sulphuric  acid. 

Observation,  conducted  upon  blood  derived^from  different  sources, 
shows  that  the  kind  of  sugar  found  in  all  parts  of  the  circulation,  with 
the  exception  of  the  portal  system,  possesses  a  cupric  oxide  reducing 
power  that  is  not,  as  a  rule,  increased,  and,  if  increased,  only  slightly 
so,  by  boiling  with  sulphuric  acid — a  character  which  implies,  broadly 
speaking,  the  existence  of  glucose.  This,  I  may  state  upon  the 
strength  of  a  very  large  number  of  observations,  is  the  kind  of  sugar 
present  under  ordinary  or  natural  conditions,  but,  as  will  be  sub- 
sequently shown,  under  certain  deviations  from  the  ordinary  state, 
as,  for  instance,  after  the  administration  of  aneesthetics,  the  inhala- 
tion of  carbonic  oxide,  &c.,  the  sugar  met  with  is  usually  one 
possessing  a  cupric  oxide  reducing  power  more  or  less  below  that  of 
glucose. 
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Acicular  glucosazone  crystals  from  tlie  blood  of  the  general  circulation 
(rabbit).    Magnified  400  diameters. 

The  blood  of  the  portal  system,  however,  differs  from  that  of  the 
other  parts  of  the  circulation,  and,  at  the  same  time,  resembles,  as 
will  be  seen  from  the  analyses  to  be  given  later  on,  the  solid  organs 
and  tissues  of  the  body.  Its  condition  was  fully  referred  to  in  a  pre- 
vious part  of  this  work,  and  it  was  there  shown  that  it  ordinarily 
contains,  not  only  after  the  ingestion  of  carbohydrate  food,  but  like- 
wise after  animal  food  (and  even  in  some  instances  the  condition  has 
been  observed  at  a  time  of  fasting),  a  sugar  with  a  lower,  and  it  may 
be  a  considerably  lower,  cupric  oxide  reducing  power  than  that  of 
glucose. 

The  blood,  then,  excluding  that  belonging  to  the  portal  system, 
contains  sugar  in  the  form,  broadly  speaking,  of  glucose,  and  in  this 
respect  it  holds  a  position  differing,  so  far  as  my  observations  have 
extended,  from  that  existing  in  the  other  parts  of  the  economy. 

Amount  of  Sugar  present  in  Blood. 

Having  spoken  of  the  nature  of  the  sugar  in  the  blood,  I  will  now 
pass  to  the  consideration  of  its  amount.    Upon  this  point  considerable 
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diversity  exists  in  the  statements  that  have  been  made  by  different 
observers.  The  qneistion  of  the  amount  of  sugar  naturally  present  in 
the  blood  is  one  that  must  be  regarded  as  possessing  more  than  an 
intrinsic  importance  on  account  of  the  meaning  it  may  have  in  rela- 
tion to  considerations  standing  outside  the  simple  question  of  fact 
appertaining  to  the  blood  itself.  It  may  therefore  be  looked  upon  as 
a  point  upon  which  no  doubt  should  be  allowed  to  exist.  The 
enquiry  requires  to  be  approached  and  carried  out  in  a  scrupulously 
guarded  and  careful  way,  but,  with  the  adoption  of  proper  measures, 
experience  would  lead  me  to  say,  the  information  wanted  may  be 
easily  and  reliably  obtained.  The  manipulative  process  involves  two 
distinct  steps  of  procedure,  each  of  which  calls  for  the  bestowal  of 
close  attention.  Not  only  is  it  necessary  that  the  method  of  analysis 
should  be  such  as  to  yield  reliable  results,  but  also  that  the  blood  for 
analysis  should  be  collected  in  such  a  manner  as  to  afford  a  repre- 
sentation of  the  natural  state. 

Analytical  proficiency  in  the  early  days  of  research  in  relation  to 
the  physiology  of  sugar  in  the  aniraal  system  had  not  attained  a 
position  to  permit  of  satisfactory  quantitative  determinations  being 
made  in  an  albuminous  and  coloured  product  like  blood.  Advance, 
however,  has  in  this,  as  in  so  many  other  directions,  taken  place,  and 
I  think  it  may  now  be  considered,  with  reference  to  the  point  in  ques- 
tion, that  a  position  has  been  reached  leaving  little  or  nothing  to  be 
desired. 

Aqueous  extraction  o£  the  sugar,  with  the  adoption  of  appropriate 
measures  for  the  separation  of  colouring  and  albuminous  matters,  if 
resorted  to,  will  yield  a  liquid  to  which  the  ordinary  process  of  sugar 
estimation  may  be  applied,  but,  unless  the  nature  of  the  sugar  present 
is  known,  the  result  obtained  will  not  supply  the  information  required 
for  the  expression  of  the  amount.  In  the  absence  of  a  knowledge  of 
the  nature  of  the  sugar  existing,  it  is  necessary  that  the  process  of 
alcoholic  extraction  should  be  employed,  in  order  that  the  sugar  may 
be  obtained  free  from  glycogen,  and  so  permit,  after  the  usual  treat- 
ment with  sulphuric  acid,  of  a  truthful  expression  of  its  amount  being 
given  under  the  form  of  glucose. 

When  the  process  of  extraction  is  carefully  carried  out,  and  the 
ammoniated  cupric  test  is  employed  for  the  subsequent  estimation  of 
the  sugar,  the  degree  of  accuracy  attainable  by  experienced  hands  is 
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such  as  almost  to  excite  surprise,  looking  at  the  complex  and  coloured 
nature  of  the  original  product  dealt  with.  In  support  of  this  state- 
ment, I  may  refer  to  the  results  given  in  an  early  part  of  this  work, 
when  the  subject  of  analytical  procedure  in  general  was  under 
consideration  (p.  79).  Examples  are  there  introduced  showing  the 
close  accord  that  is  obtainable  in  the  figures  from  duplicate  analyses. 

The  conditions  existing  in  connection  with  the  collection  of  the 
blood  for  analysis  constitute  an  item  of  consideration,  it  may  be,  of 
greater  importance  than  the  analytical  procedure  itself,  inasmuch  as 
neglecting  to  give  due  attention  to  the  requisite  precautions  may  give 
origin  to  greater  error  than  would  be  likely  to  arise  from  a  faulty 
analysis.  How  rapidly  sugar  may  be  adventitiously  produced  in  the 
liver  and  lead  to  the  jiresence  of  an  abnormal  amount  iu  the  blood 
has  been  already  shown,  and  in  obtaining  a  specimen  for  examination 
fallacy  fi-om  such  a  source  must  be  avoided  by  the  collection  being 
made  under  conditions  to  secure  a  representation  of  the  natural 
state. 

This  matter,  as  is  known,  I  drew  attention  to  upwards  of  thirty 
years  ago.  In  a  communication  published  iu  the  Transactions  of  the 
Royal  Society  for  1860,  I  showed  that  the  condition  which  had  been 
previously  taken  as  representative  of  the  natural  state,  widely  differs 
in  reality  from  it.  With  the  occui-rence  of  death,  an  alteration  in  the 
amount  of  sugar  present  in  the  blood  speedily  ensues,  but  this  had 
not  hitherto  been  recognised  and  taken  into  account.  Thus,  through 
the  iMst-mortcm  being  regarded  as  expi'cssive  of  the  aute-morttTn 
state,  a  false  foundation  existed  for  the  physiological  doctrine  which 
happened  to  be  constructed  upon  what  had  been  observed.  At  the 
outset  a  qualitative  examination  was  all  that  the  resources  at  com- 
mand permitted  to  be  made,  and  what  was  considered  to  be  the 
characteristic  reaction  to  be  looked  for  from  the  blood  of  the  inferior 
cava  and  right  side  of  the  heart  was  one  attended  with  a  pleutil'ul 
reduction  of  the  copper  test.  The  amount  of  sugar  now  re^•ealed  by 
quantitative  determination  as  actually  existing  in  the  blood  collected 
from  these  parts  in  an  ordinary  way  after  death,  depends  upon  the 
extent  to  which  it  may  happen  to  have  been  influenced  by  the  post- 
mortem production  of  sugar  iu  the  liver.  A  varying  quantity,  from 
about  that  naturally  belonging  to  the  living  state  to  one  largely 
e.Kceeding  it,  may  be  found. 


AMOUNT  OF  SUHAR  IN  BLOOD. 


161 


The  point  under  consideration  is  well  illustrated  by  tlie  results 
obtained  in  a  recently  conducted  experiment,  of  which  the  following 
are  the  particulars.  A  dog  was  suddenly  killed  by  pithing,  and  the 
chest  immediately  opened.  The  heart  was  then  grasped  at  its  base 
with  the  hand,  and  a  ligature  applied  so  as  to  prevent  any  further 
ingress  or  egress,  and  thus  permit  of  the  blood  contained  in  its 
cavities  close  to  the  moment  of  death  being  obtained  for  examination. 
By  an  incision  above  the  ligature,  the  heart  was  excised,  and  the 
blood  which  it  contained  subsequently  collected.  With  the  excision 
of  the  heart,  the  blood  present  in  the  large  vessels  of  the  system 
flowed  into  the  chest.  This  wa,s  dipped  out,  and  a  portion  taken  for 
analysis.  The  following  are  the  results  that  were  yielded  by  the 
respective  specimens. 

Sugar  per  1000, 
expressed  as  glucose. 

Blood  from  the  cavities  "[before  sulphuric  acid   0  850 

of  the  heart  J  after  ,,    0  '876 

Blood    collected    from  1  before        ,,         „    2 'ISO 

the  chest  /after  „         „    2-237 

The  amount  of  sagar  found  in  the  blood  of  the  general  circulation 
under  a  natural  and  tranquil  state  of  the  system  presents  but  little 
variation,  and,  as  will  be  seen  from  the  details  to  be  introduced  later 
on,  is  less  than  what  is  met  with  in  the  solid  organs  and  tissues. 
From  a  collection  of  upwards  of  100  observations,  conducted  at 
various  times  over  a  number  of  years,  upon  the  dog,  cat,  rabbit, 
sheep,  ox,  horse  and  pig,  fHE  amount  of  sugar  natukallt  present  in 

THE  BLOOD  OP  THE  GENERAL  CIKCULATION  MAY  BE  STATED  TO  RANGE  from 
ABOUT  0'6  TO  1-0,  OR  A  LITTLE  OVER  I'O,  PER  1000. 

Most  of  the  determinations  upon  which  the  above  statement  is 
based  were  made  with  the  ammoniated  cupric  test.  In  many,  how- 
ever, the  gravimetric  process  described  at  p.  69  was  employed.  By 
this  process  the  copper  thrown  down  fi-om  the  Fehling's  solution 
used  is  collected,  dissolved,  and  subsequently  deposited  by  galvanic 
action  upon  a  platinum  cylinder  for  weighing.  Although  there  are 
sufficient  grounds  for  considering  that  full  reliance  may  be  placed 
upon  the  information  supplied  by  the  ammoniated  cupric  test,  it  is 
nevertheless  satisfactory  to  have  it  corroborated  by  a  different  kind 
of  analytical  procedure  ;  and  further  so  when,  as  illustrated  by  the 
examples  given  at  p.  80,  the  accuracy  of  both  processes  is  confirmed 
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by  the  close  accord  in  the  figui  es  obtainable  under  tbeir  apph'cation 
to  the  same  specimen  of  blood. 

The  blood,  then,  of  the  general  circulation  possesses  a  constitution 
in  relation  to  sugar  presenting  but  little  variation  whilst  ordinary  or 
natural  conditions  exist.  Disturbed  states  of  the  sj-stem,  however, 
quickly  occasion  the  pi-esence  of  an  increased  amount,  but  the  kidneys 
perform  an  eliminative  office  like  that  which  they  discharge  in  the 
case  of  urea.  Under  any  increase  of  sugar  ia  the  circulation,  the 
urine  is  immediately  influenced  to  a  proportionate  extent,  and  the 
escape  of  sugar  thus  occnrring  constitutes  a  provision  for  keeping 
down  accumulation,  as  is  exemplified  by  the  elimination  that  is 
observed  to  take  place  in  diabetes. 

In  former  times,  when  less  facility  existed  for  the  quantitative  de- 
termination of  the  sugar  of  the  blood,  the  amount  corresponding  with 
what  I  have  represented  as  naturally  present  during  life  was  usually 
spoken  of  as  a  "trace,"  the  expression  being  founded  upon  the  slight 
reaction  yielded  by  the  copper  test.  I  do  not  think  previous  attempts 
had  been  made  to  determine  what  this  "trace"  meant,  expressed  in 
figures,  but  in  my  communication  contained  in  the  Transactions  of 
the  Royal  Society  for  1860,  I  gave  the  results  I  had  obtained  from 
the  analysis  of  three  specimens  of  the  blood  of  dogs,  and  stated  that 
the  quantities  stood  respectively  at  0'470,  0'730,  and  0"580  per  1000. 
These  amounts,  it  will  be  seen,  although  obtained  upwards  of  thirty 
years  ago,  coincide  closely  with  those  yielded  by  the  present  improved 
methods  of  analysis. 

I  consider  there  ought  not  to  be  any  disagreement,  certainly  at  the 
present  time,  about  the  amount  of  sugar  present  in  blood  ;  and,  should 
a  discordance  exist,  it  is  more  likely  to  depend  upon  something  con- 
nected with  the  collection  of  tlie  blood  than  upon  the  analytical 
procedure.  The  figures  given  by  some  observers  stand  in  close 
accord  with,  and  by  other  observers  even  a  little  lower  than,  my 
own.  A  striking  want  of  uniformity  is  noticeable  in  the  results 
obtained  by  Bernard,  and,  whilst  placing  the  lowest  point  of  range 
at  1  per  1000,  he  says  ('  Comptus  Rendus,'  1876,  p.  1409)  that  in  the 
normal  state  the  sugar  varies  from  1  to  3  per  1000.  Secgen  repre- 
sents the  amount  as  oscillating  between  1  and  2  per  1000,  and 
remarks  that  it  is  only  exceptionally  that  it  exceeds  2  per  1000.  The 
state  of  the  urine  suffices,  I  consider,  to  show  that  those  ranges  of 
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Bernard  and  Seegen  cannot  be  otherwise  than  founded  upon  error. 
The  larger  quantities  are  incompatible  with  the  state  presented  by 
healthy  urine.  They  mean,  as  is  rendered  evident  by  reference  to 
the  table  at  p.  192,  representing  the  condition  of  the  blcod  in  cases 
of  diabetes,  the  existence  of  a  state  that  would  be  attended  with  the 
presence  of  a  large  amount  of  sugar  in  the  urine. 

A  contrast  exists  between  the  blood  of  the  portal  system  and  that 
of  the  general  circulation.  Whilst  the  amount  of  sugar  in  the  former 
is  in  a  direct  manner  influenced  by  the  ingestion  of  carbohydrate 
■matter,  no  such  influence  is  exerted  upon  the  contents  of  the  general 
circulation. 

1  have  mentioned  that  precautions  must  be  observed  in  collecting 
the  blood  for  examination,  in  order  to  obtain  a  representation  of  the 
natural  state.  If  the  collection  be  made  from  an  artery  or  vein 
during  life,  the  animal  must  be  at  the  time  in  a  state  of  tranquility. 
Obstruction  of  the  breathing,  violent  struggling,  and  the  administra- 
tion of  an  anaesthetic  suflBce,  through  their  disturbing  effects  upon 
the  system,  to  produce  an  increase  of  sugar  in  the  blood. 

Bernard  noticed  that  tbe  blood  of  the  jugular  vein  of  an  animal 
contained  more  sugar  after  muscular  efforts  provoked  by  holding  the 
nose  for  a  short  time  so  as  to  impede  the  respiration  than  it  did 
before.  I  also,  in  an  experiment  performed  some  years  ago,  found 
that  blood  taken  from  a  dog  which  had  been  subjected  to  obstruction 
of  the  breathing  for  half-an-hour  possessed  a  strongly  saccharine 
character,  and,  in  another  instance,  where  the  experiment  was  carried 
on  for  a  longer  period,  that  the  urine  even  had  acquired  a  saccharine 
impregnation  sufficient  to  give  a  strong  reaction  with  the  test  for 
sugar.  In  like  manner,  after  the  administration  of  an  ansesthetic, 
the  urine  may  be  found  to  give  even  a  fairly  strong  saccharine 
reaction  with  the  copper  test.  I  took  the  opportunity  at  one  time  to 
institute  observations  upon  the  urine  of  patients  in  Guy's  Hospital, 
before  and  after  the  inhalation  of  chloroform,  and  found  in  every 
instance  a  decided  effect,  in  some  even  a  strong  effect,  produced  in 
the  direction  mentioned.* 

In  obtaining  blood  from  the  killed  animal  for  examination,  the 

*  The  cupric  oxide  reducing  effect  of  urine  after  the  administration  of  chloroform 
is  now  stated  to  be  due  to  glycuronic  acid,  a  body  closely  allied  to  and  supposed  to 
be  deriTed  from  dextrose,  but  presenting  a  rather  higher  state  of  oxidation. 
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collection  must  be  made  bsEore  time  has  been  allowed  for  its  con- 
stitution in  relation  'to  sugar  to  become  altered  from  that  appertain- 
ing to  life. 

In  the  laboratory  the  conditions  are  under  the  command  of  the 
experimentalist,  and  the  method  of  killing  employed  should  be  one  to 
occasion  death  as  instantaneously  as  possible.  After  the  deptrnction 
of  life,  say  by  pithing,  a  scalpel,  or  pair  of  scissors,  should  be 
instantly  thrust  into  the  chest,  and  the  heart  and  large  vessels  freely 
incised.  The  chest  being  then  quickly  opened,  the  required  quan- 
tity of  blood  should  be  at  once  dipped  out  or  otherwise  procured  for 
examination. 

At  the  slaughter-house  different  methods  of  killing  are  adopted. 
The  method  to  be  chosen  for  securing  the  attainment  of  the  object 
in  view,  is  one  in  which  death  is  occasioned  purely  by  haemorrhage. 
In  the  case  of  the  sheep,  the  neck  is  pierced  with  a  knife,  and  the 
blood  drained  ofE  by  severance  of  the  vessels.  The  first  portion  of 
the  blood  that  escapes  is  the  proper  specimen  for  examination.  The 
bullock  slaughtered  by  the  Jewish  method  affords  another  in- 
stance of  killing  by  haeoiorrhage.  By  a  ,single  incision  with  a  long, 
sharp  knife,  all  the  soft  structures  of  the  neck  in  front  of  the 
vertebral  column  are  divided.  An  immense  gush  of  blood  from  the 
arteries  takes  place,  and,  as  in  the  case  of  the  sheep,  the  first  portion 
should  be  collected. 

In  the  course  of  an  inquiry  I  was  some  time  ago  conducting,  I  was 
led  to  submit  to  examination  specimens  of  blood  from  the  cut  bullock 
obtained,  one  at  the  first  instant  of  its  escape,  and  the  other  a  few 
moments  later.  The  specimens  were  subjected  to  the  gravimetric 
process  of  analysis,  and,  as  will  be  seen  from  the  subjoined  figures, 
a  slight  difference  was  found  to  exist  between  the  two  in  the  direc- 
tion of  a  larger  amount  of  sugar  in  the  second  portion,  showing  how 
the  lapse  of  an  apparently  insignificant  amount  of  time  suffices  to 
bring  about  an  altered  condition. 
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Blood  of  Bullock  hilled  hy  Jewish  Method,  collected  at  the  Goviniencement 
and  at  a  later  Period  of  the  Flow.    Gravimetric  Process  of  Analysis. 

Sugar  per  1000  parts. 


First  collection. 


Second  collection. 


Observation  1 . 
Observation  2. 


Duplicate 
analyses. 
JO -544 
t  0  -555 
r  0-629 
to -620 


Mean. 
•549 


}»■ 


624 


Duplicate, 
analyses. 
JO  581 
to -535 
r  0-673 
to  686 


Mean. 
•583 


}»■ 


679 


After  the  employment  of  the   pole-axe  method  of  slaughtering 
higher  figures  are  ordinarily  obtained,  and,  concordantly,  the  method 
involves  the  lapse  of  a  longer  time  before  the  blood  is  withdrawn. 
The  animal  is  first  felled  by  the  blow  of  the  axe,  and  through  the 
opening  made  a  cane  is  then  passed  down  the  spinal  canal  to  crush 
the  medulla  oblongata  and  spinal  marrow,  a  proceeding  which  not 
only  efEectually  kills  outright,  but  puts  a  stop  to  the  occurrence  of 
reflex  movements.    An  incision  is  next  made  into  the  lower  part  of 
the  neck,  and  the  knife  passed  on  into  the  chest  so  as  to  penetrate 
the  superior  vena  cava,  or  possibly  the  right  auricle  of  the  heart, 
and  permit  the  blood  to  escape.    Subjoined  are  the  results  derived 
from  the  analysis  of  four  specimens  obtained  in  this  way.    In  con- 
nexion with  these  specimens  the  remark  is  recorded  that  instructions 
were  given  to  my  assistant  to  get  the  incision  and  collection  made 
with  as  little  loss  of  time  as  possible  after  the  felling  of  the  animal. 
In  two  of  the  observations  the  figures  happen  to  about  agree  with 
those  obtained  under  the  methods  of  slaughtering  previously  referred 
to.    In  the  other  two,  however,  the  higher  kind  of  figures  are  presented. 

Blood  from  the  Bulluch  Slaughtered  hy  the  Pole-axe.  Gravimetric 
Process  of  Analysis. 

Sugar  per  1000  parts. 


Duplicate  analyses. 


Observation  1. 
Observation  2. 
Observation  3. 
ObservaLiou  4. 


{I 
{I 
{\ 

{i 


•595 
•597 
•655 
•662 
•037 
•070 
■091 
•097 


Mean, 
jo  596 

\  0  '668 
J 

1 1  -053 
j  1  ^094 
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Arterial  and  Venous  Bluod  in  reJalion  iu  Sugar. 

Bernard  made  the  statement*  that  a  larger  amount  of  sno^ar  is 
present  in  arterial  than  in  venous  blood,  and  the  inference  has  been 
drawn  that  a  disappearance,  occurring  as  a  result  of  the  functional 
disposal  of  ca''bohydrate  matter  in  the  system,  takes  place  during  the 
transit  from  the  arterial  to  the  venous  system.  Considerable  discord- 
ance, however,  is  to  be  observed  in  the  experimental  results  upon 
which  the  statement  has  been  based,  and  I  notice  an  instance  amongst 
them  in  wbich  an  identity  existed  in  the  amount  of  sugar  found  in 
the  blood  of  vein  and  artery.  According  to  the  particulars  given  of 
the  experiment,  a  first  collection  of  blood  was  made,  from  which  the 
figures  obtained  were  1'250  per  1000  for  the  venous,  and  1'480  per 
lOO  for  the  arterial,  bloofl.  A  second  collection  was  afterwards  made, 
when  it  was  foun  1  that  the  figures  stood  at  1"560  per  1000  for  both 
the  venous  and  arterial  blood.  In  the  instance  where  the  largest 
amount  of  difference  was  observed,  it  appears  from  the  details  fur- 
nished that  the  experimental  procedure  adopted  was  as  follows  : 
Blood  was  withdrawn  from  the  right  crural  vein,  and  immediately 
afterwards  the  corresponding  artery  was  opened  and  blood  collected 
from  it.  The  results  derived  from  the  analysis  of  the  two  specimens 
are  stated  to  have  been  0'730  per  1000  for  the  venous,  and  1'450  per 
1000  for  the  arterial,  blood,  representing  a  difference  of  0  720  per 
1000  between  the  two — a  difference,  that  is  to  say,  about  equivalent 
to  the  whole  quantity  of  sugar  which,  according  to  my  own  observa- 
tions, is  found  n.iturally  to  exist  in  the  blood  of  the  dog,  the  animal 
upon  which  the  experiments  were  conducted. 

The  question  that  is  being  considered  is  one  of  gi-eat  importance 
on  account  of  the  reasoning  that  may  be  based  upon  it.  It  happens 
at  the  sanic  time  to  be  one  in  connexion  with  which  fallacy  may  most 
easily  creep  in  through  the  difficulties  attending  the  experimental  pro- 
cedure. Owing  to  the  readiness  and  rapidity  with  which  the  blood 
becomes  charged  with  an  increased  amount  of  sugar,  as  an  effect  of 
disturbed  states  of  the  system,  error  is  certain  to  arise,  unless  the 
most  scrupulous  and  guarded  care  is  exercised  with  regard  to  the 
manner  in  which  the  collection  of  the  respective  specimens  of  blood 

*  Boimrd,  'Coniptes  RcikIus,'  Tonip  Ixxxiii,  No.  6,  p.  373 ;  and  '  Le9on3  sur  le 
Diabete.'    Faris,  1S77. 
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is  made.  To  obtain  a  trutbful  representation  of  the  nxtui-al  relative 
state  of  arterial  and  venous  blood,  the  specimens  to  be  compared 
must  be  collected  absolutely  at  the  same  instant.  Should  the  collec- 
tion happen  not  to  be  absolutely  simultaneous,  the  position  is  open  for 
the  occurrence  of  an  alteration  in  the  amount  of  sugar  contained  in 
the  entire  circulation,  and  this  naturally  would  be  read  off  as  repre- 
s anting  a  difference  in  the  relative  amount  present  in  the  blood  of  the 
artery  and  vein.  It  is  further  desirable  that  before  the  collection  of 
blood  is  made  the  animal  should  have  been  allowed  to  recover  from  the 
influence  of  tlie  anfesthetic,  and  the  effect  of  any  struggling  that  may 
have  attended  the  operation,  so  that  a  settled  state  of  the  contents  of 
the  circulatory  system  may  have  become  established. 

With  a  full  realisation  of  the  rigorous  care  and  attention  requiring 
to  be  bestowed  upon  all  the  details  of  the  enquiry,  I  CDnducted  the 
experiments  which  are  to  be  found  recorded  in  part  in  the  '  Pro- 
ceedings of  the  Royal  Society  '  for  1877  (vol.  26,  p.  346),  and  in  full  in 
my  Croonian  Lectures  "  On  Certain  Points  connected  with  Diabetes  " 
(pp.  71  et  seq.),  delivered  at  the  Eoyal  College  of  Physicians,  in  1878, 
and  published  in  the  same  year.  In  each  of  the  experiments  chloro- 
form or  ether  was  administered  for  the  operative  procedure  of  exposing 
the  vessels,  and  the  vessels  chosen  were  the  carotid  artery  of  the  one 
side,  and  the  jugular  vein  of  the  other.  After  their  exposure,  and 
the  required  isolation  from  the  adjacent  tissues,  a  ligature  was  passed 
underneath  them,  and  a  knot  tied  in  such  a  manner  as  (o  leave  a 
loose  loop  surrounding  them  of  sufhcient  length  to  serve  for  subse- 
quently drawing  them  forward  without  giving  pain  to  the  animal, 
and  thus  without  occasioning  any  struggling  or  disturbance.  A 
period  of  an  hour  and  a-half  or  two  hours  was  allowed  to  elap-e 
after  this  operative  procedure  for  the  system  to  recover  from  the 
influence  of  the  ansesthetic.  At  the  end  of  this  time,  without  the 
employment  of  any  forcible  restraint,  and  whilst  the  animal  was 
seated  quietly  on  a  table,  the  vessels  were  drawn  forward,  and  blood 
collected  simultaneously  from  each.  The  process  of  analysis  was 
then  at  once  commenced,  and  in  the  seven  observations  conducted 
the  following  results  were  obtained. 
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Comparative  Examination  of  Arterial  and  Venous  Blood  collected 
simHltaneoHsIy  from  the  Dog  duriwj  Life.  Oravimetric  Process  <f 
Analysis. 


Sugar  per  1000  parts. 
Arterial  blood. 


Venous  blood. 


Duplicate 
analvses. 


r,k        f     1  JO -806 

(JDservatioii  1   -j  Q.gj^y 

ni         f     o  r0  873 
|_0  •iy54 

o  i  0-918 

Ubservation  3. .     ..  ")  0-948 

r>k  ,  rO-870 

Observation  4   10  -899 

f-  r  1-079 

Observation  5   1  1 -081 

ni         f     r  r  1-231 

Observation  b   <  ...g., 

<  \i         ,  •     ^  r  1  '155 

Ob.-ervalion  /   ■{  , 

I.  1  1/0 


Duplicate 
Mean,  analyses. 

808 
88 
896 
863 
918 
914 
859 
873 


jO-811 
1 0 -863 
|o-933 
|u  884 

} 


1  -080 
31 
1  162 


ro-8 

to-7 

{t 
{t 
[t 

r 1 -102 

1 1  -096 
r  1  -240 
[lost 

r 1 -180 

11-187 


Meau. 
I  0-798 

1 0  -879 

1  0  -916 


} 


866 
099 


JO 


1  -183 


On  casting  the  eye  through  the  above  list,  it  will  be  noticed  that  a 
close  conformity  exists  in  the  figures  for  the  corresponding  specimens 
of  arterial  and  venous  blood.  In  some,  the  difference  presents  an 
excess  on  the  side  of  the  arterial  blood ;  in  others,  on  that  of  the 
venous.  In  each  case,  it  does  not  amount  to  more  than  may  be 
legitimately  considered  as  falling  within  the  limits  of  variation  aris- 
ing from  the  analysis,  for  it  is  not  claimed  that  absolute  accuracy  is 
attainable.  It  must  be  borne  in  mind,  with  reference  to  the  matter, 
that  about  20  grams  of  blood  were  taken  for  analysis,  and  that  the 
figui-es  represent  parts  per  1000,  so  that  what  may  be  an  exceedingly 
slight  error  in  the  analysis  becomes  magnified  about  fifty  times  in  the 
multiplication  employed  for  the  expression  of  the  result.  A  differ- 
ence, for  instance,  of  one-tenth  of  a  milligram  in  the  actual  analysis 
would  become  a  difference  of  0  005  in  the  result  expressed.  The 
duplicate  analyses  give  a  trustworthy  character  to  the  evidence, 
beyond  what  it  would  otherwise  possess,  and  the  closeness  noticeable 
in  the  counterpart  results  affords  strong  testimony  of  the  precision 
attainable  by  the  analytical  process  employed.  In  observation  6  one 
ot  the  results  for  the  venous  blood  is  missing,  owing  to  an  accidental 
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loss  of  some  of  the  precipitated  suboxide  having  occun-ed  in  the  per- 
formance of  the  analysis.  In  obsei-vations  5,  6,  and  7  the  amount  of 
sugar  encountered  stands  higher  than  what  is  found  to  exist  under 
ordinary  circumstances.  This,  it  may  be  considered,  is  attributable 
to  the  effect  of  the  anaesthetic.  If  blood  be  withdrawn  whilst  the 
animal  is  actually  under  the  influence  of  the  anaesthetic  it  is  possible 
that  upwards  of  2  parts  per  1000  may  be  found,  and,  from  the 
I'esults  referred  to,  it  would  appear  that  even  after  the  lapse  of  an 
hour  and  a  half  or  two  hours  the  sugar  may  not  have  fallen  to  its 
standard  amount. 

Looking  now  at  the  results,  taken  altogether,  we  find  that  the  mean 
amount  of  sugar,  given  by  calcalation  from  the  mean  figures 
furnished  by  the  seven  observations,  stands  at  0'995  per  1000  for  the 
arterial  blood,  and  0'997  per  1000  for  the  venous.  The  difference 
between  the  two  thus  amounts  to  0"002  per  1000,  and  it  happens,  as 
is  seen,  that  the  excess,  such  as  it  is,  falls  on  the  side  of  the  venous 
blood. 

By  another  mode  of  experimenting  that  suggested  itself  to  me  as 
open  for  employment,  blood  was  obtained  from  artery  and  vein  as 
expeditiously  as  possible  after  death,  so  as  to  anticipate  the  altered 
state  induced  by  the  post-mortem  production  of  sugar.  Four  such 
experiments  were  performed  upon  dogs.  The  animal  was  in  each 
case  pithed,  and,  instantly  afterwards,  a  scalpel  was  drawn  across  the 
artery  and  vein  determined  npon,  without  any  attempt  being  made  to 
isolate  them.  The  blood  that  simultaneously  flowed  from  the  respec- 
tive vessels  was  collected  in  capsules.  The  danger  to  be  guarded 
against  in  the  experiment  was  from  the  possibility  that  the  flow 
might  not  be  precisely  even  after  the  first  gush,  and  that,  in  carrying 
on  the  collection,  a  little  blood  might  be  included  which  had  under- 
gone a  slight  degree  of  post-mortem  modification.  Attention  was 
therefore  given  that  the  collection  was  not  carried  further  than  the 
withdravs^al  of  the  quantity  absolutely  required  for  the  purpose  of 
examination. 

In  observation  1,  the  collection  was  made  from  the  jugular  vein  of 
one  side  of  the  neck,  and  the  carotid  artery  of  the  other.  In  conse- 
quence of  the  experience  gained  in  this  experiment  the  crural  artery 
was  substituted  for  the  carotid  in  the  other  three.  Its  moi'e  super- 
ficial position  rendered  it  more  accessible  for  division.    The  jugular 
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was  still  retained  as  the  vessel  for  yielding  the  venous  blood.  Since 
the  blood  throughout  the  arterial  system  possesses  at  a  given  moment 
the  same  constitution,  it  is  obvious  that  any  artery  that  is  most  con- 
veniently situated  for  the  performance  of  the  experiment  may  be 
taken.  In  connection  -with  observation  4,  it  is  recorded  that  a  little 
difficulty  occurred  in  collecting  the  arterial  blood,  through  its  flowing 
slowly  from  the  divided  vessel,  and  that  the  last  portion  was  dark  in 
colour.  In  this  condition  it  may  possibly  have  just  commenced  to  be 
iufluenced  by  the  post-mortem  uiQ.\ix  of  sugar  from  the  liver. 

Comparative   Examination  of  Arterial  and  Venous  Blood,  collected 
simultaneously,  instantly  after  Death.  Gravimetric  Process  of  Analysis, 

Sugar  per  1000  parts. 


Observation  1  

Observation  2  

Observation  3  

Observation  4  

The  results  derived  from  these  four  observations  present,  it  is 
noticeable,  a  less  even  character  than  these  belonging  to  tlie  previous 
set.  The  mean  amount  of  sugar  given  for  the  arterial  blood  is  0  847 
per  1000;  and  for  the  venous  0'834  per  1000.  The  difference  stands 
at  0  013  per  1000,  the  higher  figures  being  furnished  by  the  arterial 
blood. 

Placing  now  the  eleven  observations  together  we  get  0'941  per 
1000  as  the  expression  of  the  mean  amount  of  sugar  found  in  the 
arterial  blood,  and  0'938  per  1000  in  the  venous.  It  thus  appears,  for 
the  whole  of  the  observations,  that  tlie  sugar  in  the  arterial  blood 
exceeded  to  the  extent  of  0  003  per  1000  that  in  the  venous. 

The  conclusion,  I  consider,  may  be  drawn  from  the  foregoing  ex- 
periments that  no  material  diffei-ence  exists  in  tlic  amount  of  sugar 
present  in  arterial  and  venous  blood.    As  a  corollary,  it  follows  that 


Arterial  blood.  Yenous  blood. 


Duplicate  Duplicate, 

anahses.      Mean,  analyses.  Mean. 

{SIS  jo-'^"  {IZ  }»■"« 

}°-'»^'  }o-"^ 

[IV-,  {"o-IS  }««o 

[IfA  }»'»^'  {2S  }»■'" 
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no  support  is  given  to  the  view  that  carbohydrate  matter  in  the  form 
of  sugar  is  allowed  to  reach  the  general  circulation,  for  conveyance 
as  a  f  anctional  operation  to  the  systemic  capillaries  to  be  disposed  of 
by  the  tissues. 

Professor  Seegea,  vs^ho  widely  differs  from  me  upon  other  points,  is, 
I  find,  in  accord  with  me  upon  the  one  which  has  just  been  con- 
sidered. In  the  French  translation,  which  is  before  me,  of  his 
recent  work  on  animal  glycogenesis,*  he  says  "  II  resulte  de  la  que, 
contrairement  a  I'opinion  de  CI.  Bernard  et  de  Chauveau  et  d'accord 
avec  les  recherches  de  Pavy  et  autres,  il  u'y  a  pas  de  difference  appre- 
ciable entre  le  sang  arteriel  et  le  sang  veineux  quant  a  la  proportion 
de  Sucre  qu'ils  renferment." 

Blool  after  Withdrawal,  in  Relation  to  Sugar. 

I  have  now  finished  what  I  have  to  say  upon  the  question  of  the 
disappearance  of  sugar  from  circulating  blood,  and  I  will  proceed  to 
consider  the  question  of  its  disappearance  from  blood  after  with- 
drawal from  the  system. 

In  correspondence  with  the  statement  that  was  made  with  regard 
to  circulating  bloody  it  was  farther  asserted  by  Bernardf  that  a  dis- 
appearance of  sugar  takes  place  in  drawn  blood,  sufficient  in  extent 
and  rapidity  to  furnish  additional  support  to  the  theory  of  carbo- 
hydrate disposal  to  which  attention  has  above  been  given. 

At  quite  an  early  period  of  my  investigations,  and  long  before  the 
matter  which  is  being  discussed  was  broached,  I  gave  attention  to 
the  subject  of  the  disappearance  of  sugar  from  drawn  blood,  and,  from 
what  I  observed,  I  mentioned  that  a  disappearance  occurred,  which 
seemingly  ran  concurrently  with  the  changes  that  lead  on  to  decom- 
position. I  further  mentioned  that  I  had  observed,  with  blood  con- 
taining much  sugar,  an  acid  reaction  produced,  which  I  suggested  was 
probably  attributable  to  the  formation  of  lactic  acid.  I  also  noticed 
that  in  the  presence  of  fibrin  and  corpuscles  the  disappearance  took 
place  with  greater  rapidity  than  when  serum  alone  was  dealt  with. 

When  the  assertions  of  Bernard  to  which  I  have  been  directing 

*  '  La  Glycogenie  animale,'  by  Professor  J.  Seegen.  Translated  by  Dr.  Hahn : 
Paris,  1890,  p.  100. 

t  Bernard,  '  Comptes  Rendus,'  19th  Juin,  1876,  p.  1406. 
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attention  were  made,  I  not  only  conducted  the  experiments  I  liave 
referred  to  in  relation  to  circulating  blood,  but  also  carried  my  investi- 
gations to  drawn  blood  ;  and,  in  the  prosecution  of  the  enquiry,  I  was 
now  aided  by  the  methods  of  quantitative  analysis  which  were  not  at 
my  command  when  my  original  observations  wei'e  undertaken.  The 
experiments  are  to  be  found  recorded  in  the  '  Proceedings  of  the 
Royal  Society'  for  June,  1877  (Vol.  XXVI,  p.  346),  and  April,  1879 
(Vol.  XXVIII,  p.  520). 

In  giving  a  representation  of  what  was  found,  I  will  first  cite  the 
particulars  of  five  observations  in  which  the  blood  was  allowed  to 
stand  for  moderate  lengths  of  time  at  the  ordinaiy  temperature.  The 
observations,  it  will  be  noticed,  were  conducted  at  different  periods 
of  the  year,  and  thus  under  the  existence  of  somewhat  different 
temperatures. 


Blood  afier  Standing,  compared  v)lth  Blood  taken  Immediateli/. 
Gravimetric  Process  of  Analysis. 

Sugar  per  1000  parts.  Percentage 

Mean  of  two  loss  of 

analyses.  sugar. 

January  29th. 

Taken  immediately                         0 '786  — 

,,     after  1  hour                         0-7.39  6-0 

April  25th. 

Taken  immediately                         0  '700  — 

„    after  1  hour                       0  "670  4  -3 

May  ISth. 

Taken  immediately                         0'766  — 

„     after  1  hour                         0  -751  2  -Q 

„     after  23  hours                       0  285  62  -8 

May  21th. 

Taken  immediately                       0  786  — 

„     after  1  hour                         0  728  7-4 

,,    after  24  hours                    O  'MZ  61  ■« 

May  2Gth. 

Taken  immediately                         0  021  — 

„     after  1 J  hours                     0  793  13-9 


In  another  set  of  experiments  blood  was  allowed  to  stand  for 
longer  periods  of  time.    In  these  the  sugar  was  determined  by  the 
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ammoniated  cupric  test,  and  not  by  the  gravimetric  process,  which  is 
only  adapted  for  the  examination  of  blood  in  a  fresh  state.  With 
the  occurrence  of  decomposition,  the  ammonia  generated  interferes 
with  the  depo.sition  of  the  cuprous  oxide,  and  thus  in  the  case  of  the 
gravimetric  process  gives  rise  to  a  vitiated  result.  In  the  case,  on 
the  other  hand,  of  the  ammoniated  cupric  test,  which  in  its  principle 
of  operation  depends  upon  the  solvent  action  upon  the  cuprous  oxide 
exerted  by  ammonia,  decomposition  produces  no  vitiating  effect  and 
accordingly  stands  as  no  barrier  to  its  employment.  By  this  method 
of  analysis,  therafore,  the  examination  can  be  conducted  at  any 
period,  no  matter  whether  the  blood  be  in  a  fresh  or  a  decomposed 
state.  In  these  experiments  the  product  for  titration  was  obtained 
by  the  sulphate  of  soda  method  (vide  page  59)  resorted  to  for  the 
gravimetric  process,  that  is  by  boiling  with  sulphate  of  soda  to 
coagulate  albuminous  and  colouring  matters,  filtering,  thoroughly 
washing  the  coagulum,  and  bringing  the  liquid  to  a  known  volume. 
The  following  examples  may  be  selected  and  given  to  represent  the 
character  of  the  results  obtained. 


Blood  after  prolonged  Standing  at  the  ordinary  Temperature  compared 
with  Blood  taken  Immediately.  Sugar  determined  by  the  Ammo- 
niated Cupric  Test. 

Percentage 
Sugar  per  loss  of 

1000  parts.  sugar. 

Blood  of  bullock — 

Day  of  withdrawal    0'775  — 

1  day  afterwards   .    0  -334  56  -9 

2  days       ,   0-253  67-4 

5    „  „    0-231  70-2 

Blood  of  bullock — 

Day  of  withdrawal   1-111  — 

1  day  afterwards    0-717  35*5 

2  days       „    0-545  51-0 

3  „        ,   0-294  73-5 
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Blood  with,  added  Glucone  suhjected  to  prolonged  Standing  at  the 
ordinary  Temperature. 

Percentage 


Sugar  per 

joss  of 

1000  parts. 

sugar. 

Blood  of  bullock — 

....  0-776 

....     3  -636 

2-811 

22  -7 

91  -9 

92-7 

The  original  blood,  to  wliich  no 
sugar  had  been  added,  ex- 
amined on  the  sixth  day   0  •223  70  'O* 

In  other  experiments  the  blood  was  exposed  to  a  temperature  about 
equal  to  that  of  the  body,  and  at  the  same  time  was  subjected  to  the 
influence  of  currents  of  different  gases.  In  order  that  the  results 
might  be  expressed  by  larger  figures,  and  any  effect  produced  thus  be 
rendered  more  visible,  some  glucose  was  added  at  the  commencement 
of  the  experiment. 


Blood  with  added  Sugar  exposed  to  a  moderately  elevated  Temperature 
and  to  the  Influence  of  Currents  of  different  Gases. 

Percentage 
Sugar  per  loss  of 

1000  parts.  sugar. 
Sheep's  blood  in  a  fresh  state,  with  added 
sugar — 

Taken  at  once   1  '850  — 

After  standing  7   hours  at  a 

slightly  raised  temperature. . .     1  '550  IG  '2 

After  the  passage  of  oxygen  for 

7  hours  at  a  slightly  raised 

temperature   1'523  17  "G 

After  the  passage  of  carbon  di- 
oxide for  7  liours  at  a  slightly 

raised  temperature   1  '525  17  "6 

After  the  passage  of  hydrogen 
for  7  hours  at  a  slightly  raised 

temperature   1 -570  15 '1 
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Percentage 
Sugar  per  loss  of 

1000  parts.  sugar. 
Sheep's  blood  in  a  fresb  state,  with  added 
sugar — 

Taken  at  once   1  "634  — 

After  standing  2i  hours  at  38°  C.    1-439  10  7 

After  the  passage  of  oxygen  for 

2i  hours  at  38°  C   1  -285  21  "4 

After  the  passage  of  carbon  di- 
oxide for  2i  hours  at  38°  C.  . .     1  '100  32  7 

Sheep's  blood  in  a  fresh  state,  with  added 
sugar — 

Taken  at  once   1'  667  — 

After  standing  7  hours  at  38°  C.     1-342  19.5 

After  the  passage  of  oxygen  for 

7  hours  at  38°  C   0  -992  40  -5 

After  the  passage  of  carbon  di- 
oxide for  7  hours  at  38°  C. . . .     1  "042  37  -  5 

Sheep's  blood  in  a  fresh  state,  with  added 
sugar — 

Taken  at  once   1-475  — 

After  standing  for  6^  hours  at 

38°  C   1  -324  10  -2 

After  the  passage  of  oxygen  for 

6^  hours  at  38°  C   1-134  23-2 

After  the  passage  of  carbon  di- 
oxide for  6i  hours  at  38°  C. . .     1  -  209  18  0 

Sheep's  blood  in  a  fresh  state,  with  added 
sugar — 

Taken  at  once  1-775  — 

After  standing  6|  hours  at  38°  C.    1  '567  11-7 

After  the  passage  of  oxygen  for 

6i  hours  at  38°  C   1-475    .  16-9 

After  the  j)a3sage  of  carbon  di- 
oxide for  6^  hours  at  38°  C. . .     1  '492  15  -9 

Sheep's  blood  in  a  decomposed  state,  with 
added  sugar — 

Taken  at  once   1  -324  — 

After  standing  6  hours  at  38°  C.    0  -667  49  -6 

After  the  passage  of  oxygen  for 

6  hours  at  38°  C   0  -606  54-2 

After  the  passage  of  carbon  di- 
oxide for  6  hours  at  38°  C   0  -654  50  G 
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Looked  at  in  their  entirety,  these  experimental  results  show  that 
an  arlvancing  disappearance  of  sngar  takes  place  in  drawn  blood. 
Beyond  this  nothing  definite  can  be  said,  and  nothing  I  consider  is 
deducible  to  warrant  the  conclusion  that  what  is  noticed  to  occur 
can  be  interpreted  as  having  any  physiological  bearing.  With  an 
unstable  body  like  sugar  existing  in  contact  with  a  complex  organic 
product  like  blood,  it  is  nothing  more  than  might  be  expected  that 
such  disappearance  as  is  observed  should  occur,  and  no  need  exists  to 
bring  into'the  question  the  operation  of  living  action. 

In  the  experiments  where  blood  was  subjected  to  the  influence  of 
the  transmission  of  currents  of  different  gases,  it  is  noticeable  that  a 
greater  disappearance  of  sugar  occurred  in  the  specimens  that  were 
so  treated  than  in  the  counterpart  specimens  which  were  simply 
allowed  to  remain  at  rest.  It  is  not,  however,  discoverable  that 
more  effect  was  definitely  produced  by  one  gas  tban  by  another,  and 
it  may  be  considered  probable  that  the  greater  loss  attending  the 
employment  of  the  gas  was  due  to  the  physical  effect  of  the  molecular 
movement  occurring. 

The  largest  loss  is  observable  where  the  blood  employed  was  in  a 
decomposed  state.  This  is  only  in  accord  with  what  might  be  looked 
for. 

A  point  to  be  noted  in  connection  with  the  observations  is  that  the 
blood  invariably  retained  a  certain  amount  of  cupric  oxide  reducing 
power.  In  no  instance,  even  where  evidence  of  advanced  decomposi- 
tion existed,  did  the  reducing  power  of  the  product  fall  below  from 
0  2  to  0'3  per  1009,  expressed  as  glucose.  What,  in  short,  occurred 
was  that  the  reducing  power  fell  until  the  point  named  was  reached, 
after  which  no  further  change  ensued,  however  long  the  blood  was 
kept.  From  th\n,  the  conclusion  suggests  itself  that  the  blood  con- 
t  lins  a  certain  amount  of  something  besides  the  sugar  possessing 
c  ipric  oxide  reducing  power,  wiiicli,  unlike  sugar,  resists  the  de- 
structive influence  of  the  decomposing  matter  around.  If  this  is  the 
c  ise  it  follows  that  the  sugar  actually  existing  in  the  blood  is  less  by 
0"2  to  0"3  per  1000  than  what  has  been  represented  under  the 
as.S'imption  that  the  cupric  oxide  z-educing  effect  observed  is  due 
sokly  to  sugar. 

Lecme's  Theory  regarding  Glycolysi/i  in  Blood. — From  the  result.^  of 
obscrv itions  on  the  disappearance  of  sugar  in  drawn  blood,  Lt'pine 
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has  founded  an  argument  in  whicli  he  contends  for  the  occurrence  of 
glycolytic  ferment  action  in  the  blood  during  life.  Much  discussion 
has  recently  taken  place  upon  this  matter.  The  view  is  of  a  nature 
to  be  likely  to  attract  attention,  seeing  that  it  aims  at  accounting  for 
the  destruction  of  the  sugar  assumed  under  the  glycogenic  doctrine 
to  reach  the  general  circulation — a  necessary  provision  for  obviating 
the  existence  of  diabetes  as  a  general  state.  Weighty  objections  have 
been  raised  by  various  authorities  to  the  experiments  and  conclusions 
of  Lepine,  looked  at  upon  their  own  merits.  There  is,  however,  the 
further  point,  which  has  not  been  considered  by  others,  that  if,  as 
follows  from  what  has  been  adduced  in  this  work,  sugar  does  not 
reach  the  general  circulation-  as  the  glycogenic  doctrine  implies,  the 
raison  (Tetre  of  a  glycolytic  ferment  in  the  blood  does  not  exist,  and 
the  question  about  glycolysis  in  the  blood  is  devoid  of  the  physiological 
significance  that  would  otherwise  belong  to  it. 


N 


178 


THE  URINE  IN  RELATION  TO  SUGAR. 


Presence  of  Sugar  in  Healthy  Urine. 

I  Lave  mcidentally  referred  to  the  elimination  of  sugar  tliat  takes 
place  from  the  blood  through  the  medium  of  the  urine.  I  will  now 
proceed  to  fully  consider  the  relationship  existing  between  blood  and 
urine  with  regard  to  sugar.  Whilst  it  is  universally  admitted  that 
the  blood  contains  a  certain  amount  of  sugar,  the  urine  is  in  ordinary 
language  spoken  of  as  free  from  it.  It  is  true  that  on  testing  a 
specimen  of  normal  urine  with  Fehling's  solution — the  sugar  test  in 
common  use — no  reaction  is  obtained.  This  must  not,  however,  be 
taken  as  proving  the  complete  absence  of  sagar.  There  is  a  limit  to 
the  sensitiveness  of  every  test,  and  in  the  case  of  sugar  the  amount 
present  may  be  too  small  for  the  test  to  reveal  it.  Moreover,  with 
urine,  other  materials  are  present  which  exert  an  influence  upon  the 
test  contributing  in  some  measure  to  mask  the  indication  of  sugar. 
Observation  shows  that  an  amount  of  sugar  distinctly  recognisable  in 
a  pure  aqueous  solution  may  not  be  recognisable  when  existing  in 
urine.  In  water  there  is  nothing  to  interfere  with  the  deposition,  and 
consequently  the  ready  perception,  of  any  suboxide  that  may  be 
formed.  In  urine,  on  the  other  hand,  the  ammonia  developed  by  the 
action  of  the  potash  of  the  test  upon  the  nitrogenous  matter  present 
may  suffice  to  hold  in  solution  the  suboxide  produced  when  only 
small  in  amount.  In  may  thus  happen  that  no  precipitate  at  all  is 
produced,  when  in  reality  a  certain  amount  of  reduction  has  taken 
place.  The  only  actual  effect  under  the  circumstances  to  be  perceived 
is  a  certain  extent  of  fading  of  colour,  which  it  may  be  is  so  slight  as 
to  be  barely  appreciable,  from  the  diminution  of  the  oxide  of  copper 
by  its  conversion  into  suboxide.  It  is  of  course  only  where  the 
quantity  of  sugar  present  is  minute  that  it  is  liable  to  be  concealed  in 
this  way.  Where  the  amount  is  large  tlie  suboxide  produced  is 
beyond  the  capacity  of  the  ammonia  generated  to  dissolve  it,  and  it 
then  falls  as  the  well-known  precipitate  belonging  to  the  action  of  the 
test. 
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Although  it  may  thus  be  found  that  no  reaction  is  perceptible  on 
testing  healthy  urine  with  the  copper  solution,  the  presence  of  sugar 
is  nevertheless  susceptible  of  being  demonstrated  by  appropriate 
means.  Briicke,  it  is  known,  some  years  back  devised  a  process  for 
the  separation  of  sugar  by  throwing  it  down  in  combination  with 
oxide  of  lead.  The  process  is  an  eminently  satisfactory  one,  and  by 
its  means  sugar,  to  however  minute  an  extent  it  may  be  present,  can 
be  extracted  and  placed  in  a  position  to  be  easy  of  recognition.  By 
operating  upon  a  sufficiently  large  quantity  of  urine,  an  amount  of 
sugar  is  obtainable  which  admits  not  only  of  recognition  but  likewise 
of  quantitative  determination.  I  will  here  give  the  main  points  of 
the  process,  and  for  full  details  upon  the  whole  subject  may  refer  to 
an  article  written  by  me  "  On  the  Recognition  of  Sugar  in  Healthy 
Urine,"  which  was  published  in  the  '  Guy's  Hospital  Reports  '  for 
1876. 

The  urine  is  first  treated  with  neutral  followed  by  basic  acetate  of 
lead.  The  effect  of  this  is  to  lead  to  the  precipitation  of  the  uric 
acid,  sulphuric  acid,  phosphoric  acid,  hydrochloric  acid,  and,  doubt- 
less, some  other  constituents  of  the  urine,  as  lead  compounds,  the 
sugar  remaining  in  solution.  Filtration  is  performed,  and  the  filtrate 
is  treated  with  ammonia,  and  a  further  quantity  of  acetate  of  lead, 
unless  a  large  excess  of  it  has  been  in  the  first  place  added.  The 
sugar  falls  in  the  precipitate  now  produced,  through  the  formation  of 
a  definite,  insoluble  compound  of  sugar  and  oxide  of  lead.  The  pre- 
cipitate is  then  collected,  and,  in  order  to  secure  the  complete  removal 
of  ammonia,  washed  until  the  washings  no  longer  produce  any  effect 
upon  reddened  litmus  paper.  The  next  step  is  the  liberation  of  the 
sugar  from  the  compound  existing  in  the  washed  precipitate.  This 
may  be  effected  by  the  agency  of  hydrochloric,  sulphuric,  or  oxalic 
acid,  but  a  somewhat  coloured  product  is  the  result,  and  it  has  been 
suggested  that  the  possibility  may  exist  of  the  formation  of  sugar  by 
the  action  of  the  acid  upon  some  other  constituent  of  the  urine  carried 
down  with  the  lead  precipitate.  A  more  colourless,  and  therefore 
better,  product  is  yielded  by  sulphuretted  hydrogen.  Although  its 
application  involves  the  occupation  of  considerable  time,  it  constitutes 
decidedly  the  preferable  agent  for  employment.  The  washed  lead 
precipitate  is  subjected  to  the  action  of  a  stream  of  the  gas  until  the 
sugar  compound  is  completely  broken  up,  which  may  be  assumed  to 
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have  occurred  when  the  product  has  acquired  an  absolutely  uniform 
black  colour  throughout.  Filtration  is  next  performed,  and  the 
excess  of  sulphuretted  hydrogen  expelled  by  heat.  The  liquid  is 
then  reduced  to  a  small  bulk,  either  over  the  water-bath  or  in  tne 
vacuum  of  an  air-pump. 

The  product  thus  obtained  is  in  a  strongly  acid  state,  and  presents 
a  considerable  amount  of  colour.  ISTeutralisation  with  carbonate  of 
soda  leads  to  the  gradual  deposition  of  a  coloured  substance,  which 
should  be  removed  by  filtration.  If  any  evaporation  by  heat  is  sub- 
sequently resorted  to,  the  liquid  should  fii'st  be  made  slightly  acid  with 
acetic  acid  to  guard  against  any  destruction  of  sugar  through  the 
influence  of  alkalinity.  To  place  the  product  in  a  more  suitable 
position  for  the  application  of  chemical  tests,  colour  should  be  still 
further  removed  by  the  agency  of  animal  charcoal,  the  charcoal  em- 
ployed having  been  well  purified  from  lime.  It  must,  however,  be 
remembered  that  animal  charcoal  not  only  absorbs  colouring  matter 
but  tends  also  to  take  up  and  hold  sugar  with  some  tenacity. 
Thorough  washing  is  therefore  required  in  order  to  fully  recover  the 
SQgar. 

As  stated  in  the  article  ("  Recognition  of  Sugar  in  Healthy 
Urine  ")  to  which  I  have  referred,  I  applied  the  process  that  has 
just  been  described  in  outline,  and  satisfied  myself  of  the  truth  of  the 
assertion  that  in  the  product  yielded  sugar  is  to  be  found.  I  spared 
no  pains  to  obtain  adequate  quantities  of  the  isolated  material  to  operate 
upon.  The  process  of  extraction  was  carried  on  from  day  to  day  for 
a  considerable  time,  as  fresh  portions  of  urine  were  obtaiDed,  and 
altogether,  in  the  course  of  the  numerous  observations  undertaken, 
fully  100  litres  passed  under  examination,  in  quantities  of  two  or 
three  litres  at  a  time.  Attention  was  given  to  secure  that  all  the 
urine  was  derived  from  healthy  persons,  and  the  precaution  was 
further  taken  of  examining  each  collected  jiortion  with  Fehling's 
solution,  and  rejecting  any  that  gave  the  slightest  indication  of  a 
reaction. 

Subjected  to  examination  by  the  application  of  the  undermentioned 
tests,  the  product  behaved  in  the  following  manner: — 

Boiling  with  a  solution  of  potash  was  attended  with  the  production 
of  the  deep  brown  colour  known  to  occur  in  the  presence  of  glucose. 

The  addition  of  a  few  drops  of  nitrate  of  bismuth,  and  then  of  a 
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solution  of  potash  or  soda  (Bottger's  test)  gave  a  white  precipitate, 
which  became  black  on  boiling,  in  accord  with  the  effect  produced  by 
sugar. 

Boiling  with  Fehling's  solution  gave  rise  to  the  production  of  an 
immediate  and  copious  precipitate  of  the  reduced  oxide  of  copper. 
For  this,  however,  the  complete  removal  of  the  ammonia  used  in  the 
preparation  of  the  product  was  necessary.  With  incomplete  removal, 
the  neat  and  decided  reaction  otherwise  observed  was  replaced  by 
decoloration  and  delay  of  precipitation  till  after  somewhat  prolonged 
boiling.  It  is  to  be  remarked  also  that  where  lime,  derived  from  the 
employment  of  animal  charcoal  which  had  been  imperfectly  freed 
from  this  principle,  was  permitted  to  be  present,  an  interference  with 
the  proper  reaction  of  the  test  was  occasioned  by  the  semi-gelatinous 
precipitate  it  produced. 

The  tests  which  have  been  referred  to  can  only  be  said,  strictly 
speaking,  to  afford  presumptive  evidence  of  the  existence  of  sugar. 
The  occurrence  of  fermentation,  however,  manifested  by  the  produc- 
tion  of  alcohol  and  carbonic  acid  gas,  may  be  regarded  as  supplying 
absolute  proof  of  its  presence.  On  exposing  the  product  derived  from 
the  urine  to  the  influence  of  yeast,  I  expected,  looking  at  the  statements 
that  had  been  made  and  the  reactions  afforded  by  the  other  tests,  to 
meet  with  decided  evidence  of  the  occurrence  of  fermentation,  and 
was  surprised  to  find  that  it  did  not  ensue.  Not  only  had  fermenta- 
tion been  described  as  taking  place,  but  estimations  of  the  amount  of 
sugar  present  had  been  made  through  the  carbonic  acid  gas  evolved. 
That  the  fault  was  not  on  the  part  of  the  yeast  I  employed  was  shown 
by  the  brisk  fermentation  which  occurred  when  a  portion  of  it  was 
placed  in  an  aqueous  solution  of  grape  sugar  and  exposed  to  the  suit- 
able temperature.  At  a  loss  to  account  for  the  negative  results  that 
I  obtained,  I  tried  the  effect  of  experimenting  with  urine  to  which 
sugar  had  been  purposely  added.  Again  the  result  was  of  a  negative 
character.  It  thus  became  presumable  that  there  was  something 
connected  with  the  state  of  the  product  which  checked  the  activity 
of  the  ferment.  I  noticed  t jat  a  strongly  acid  condition  existed,  and 
it  occurred  to  me  to  ascertain  whether  this  might  exert  an  arresting 
influence  on  ferment  action.  I  thus  was  led  to  neutralise  the  product 
with  carbonate  of  soda,  and  I  then  found  that  fermentation  actively 
proceeded.    Through  not  having  recognised,  therefore,  the  necessity 
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of  giving  attention  to  this  point,  I  failed  in  my  first  attempts  to 
obtain  fermentation.-  The  circumstances  observed  stand,  it  is  to  be 
remarked,  in  accord  with  the  statement  of  Pasteur,  that  acidity 
opposes  whilst  alkalinity  favours  the  occurrence  of  fermentation. 

In  addition  to  the  evidence  already  brought  forward  founded  upon 
methods  of  testing  with  which  we  have  been  long  familiar,  farther 
evidence  is  now  adducible,  derived  from  the  application  of  other 
methods  which  have  been  receiitly  discovered  to  constitute  valuable 
tests  for  sugar. 

Phenylhydrazine,  already  frequently  referred  to  in  this  work,  is 
an  agent  which  forms  crystalline  compounds — osazones — with  the 
various  sugars.  A  convenient  method  of  applying  the  test  to  healthy 
urine  is  the  following  : — The  sugar  is  thrown  down  in  the  manner  I 
have  already  had  occasion  to  describe  (p.  179),  by  the  hydrated  oxide 
of  lead.  The  precipitate  containing  the  lead  compound  is  washed 
with  water  (it  is  not  here  necessary  as  for  the  application  of  the 
copper  test  to  wash  to  such  an  extent  as  to  get  rid  of  the  whole  of  the 
ammonia),  dissolved  in  acetic  acid  to  liberate  the  sugar,  and  the  solu- 
tion treated  with  sulphuric  acid  for  the  precipitation  and  separation 
of  the  lead.  After  filtration,  the  liquid,  which  already  contains  the 
acetic  acid  wanted,  is  treated  with  phenj-lhydraziue  in  the  requisite 
proportion,  heated  on  the  water-bath  for  about  an  hour,  and  after- 
wards set  aside  to  cool.  In  the  coarse  of  some  hours  osazone 
ci'ystals  separate  out.  Subjoined  are  photo-engravings  from  micro- 
photographs  of  osazones  from  different  kinds  of  urine. 
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Osazone  crystals  from  the  sugar  of  healthy  human  urine 
Magnified  400  diameters. 
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Osazone  crystals  iVoin  the  sugar  of  liorso's  uriiio. 


ilagnilicd  -100  diaimHers. 
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Osazone  crystals  from  the  sugar  of  rabbit's  urine.    Magnified  400  diameters. 
Tlie  globular  masses  consist  of  free  phenyl-hydrazine. 
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Benzoyl  chloride  constitutes  another  recently  introduced  test 
which  possesses  the  character  of  extreme  delicacy.  The  reaction  is 
founded  upon  the  formation  of  an  insoluble  compound  with  sugar. 
When  shaken  up  with  healthy  urine  it  gives  a  white  granular  pre- 
cipitate resembling  that  yielded  with  a  solution  of  glucose. 

The  accumulation  of  evidence  which  has  been  presented  may  be 
considered,  I  take  it,  to  absolutely  set  the  question  that  has  been 
discussed  at  rest,  and  leave  no  room  for  doubt  about  healthy  urine 
containing  a  certain  amount  of  sugar.  That  such  should  be  the  case 
is,  indeed,  only  in  accord  with  what  might  be  looked  for,  in  view  of 
the  fact,  about  which  there  is  no  dispute,  that  a  certain  amount  of 
sugar  is  present  in  the  blood. 

Amount  of  Sugar  present  in  Healthy  Urine. 

Satisfied  upon  the  point  that  sugar  was  to  be  regarded  as  a  con- 
stituent of  normal  urine,  I  subsequently  sought  to  obtain  infoi-mation 
with  regard  to  its  amount.  At  the  time  of  my  first  giving  attention 
to  the  subject  the  ammoniated  cupric  test  had  not  been  introduced 
and  I  employed  the  gravimetric  process  which  has  been  previously 
referred  to  in  these  pages.  Under  the  circumstances  existing,  this 
process  is  open  to  the  risk  that  the  full  extent  of  cupric  oxide  reduc- 
tion may  not  be  represented  by  the  suboxide  collected,  in  con- 
sequence of  a  little  ammonia  having  escaped  removal  in  the  washing 
of  the  precipitate  containing  the  lead  oxide  compound.  With  the 
ammoniated  cupric  test,  it  happens  that  no  such  risk  of  misrepre- 
sentation of  cupric  oxide  reduction  is  incui'red,  and  it  altogether 
affords  a  far  more  ready  and  advantageous  method  for  application, 
Moreover,  we  are  here  placed  upon  different  ground,  for  the  test 
admits  of  being  directly  applied  to  the  urine  itself,  thus  dispensing 
with  the  pi-evious  separation  of  the  sugar.  The  uric  acid  possessing, 
as  it  is  known  to  do,  cupric  oxide  reducing  power,  requires  to  be  first 
removed,  and  this  may  be  effected  by  precipitation  with  the  neutral 
followed  by  the  basic  acetate  of  lead.  Without  the  employment  of 
the  latter  some  of  the  uric  acid  fails  to  be  precipitated,  and  may  be 
subsequently  recognised  by  crystallisation,  contrary  to  what  is  the 
case  when  the  basic  as  well  as  the  neutral  acetate  has  been  employed. 
The  sugai"  passes  with  the  filtrate,  from  which  the  surplus  lead  is 
removed  l,y  sulphuric  acid  cautiously  added  till  it  no  longer  pre- 
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cipitates.  A.fter  filtration  potash  is  used  to  render  alkaline,  and 
titration  is  then  performed  witli  the  test  solution.  If  the  cupric 
oxide  reduction  found  to  occur  be  read  off  as  produced  entirely  by 
sugar,  the  amount  of  this  principle  ordinarily  existing  in  healthy 
urine  may  be  said  to  stand  at  about  0'5  or  a  little  over  per  1000. 

Relation  of  the  Sugar  of  the  Urine  to  that  of  the  Blood. 

Under  the  presumption  that  a  negative  behaviour  with  the  ordinary 
mode  of  testing  was  indicative  of  an  absence  of  sugai%  Bernard  con- 
tended that  up  to  a  certain  point  sugar  might  exist  in  the  blood  with- 
out passing  off  with  the  urine. 

In  support  of  this,  he  stated  that  if  half  a  gram  of  grape  sugar 
per  kilo,  of  body-weight  were  injected  into  the  jugular  vein  of  a 
rabbit  none  appeared  in  the  urine,  whilst  if  a  gram  per  kilo,  were 
employed  a  certain  amount  was  to  be  found.  He  went  further,  and 
asserted  that  in  the  dog  the  blood  might  contain  2'40  per  1000  of 
sugar  without  any  being  discoverable  in  the  urine,  whilst  if  it  con- 
tained 2'60  per  lOOO,  sugar  was  to  be  met  with.  The  mean,  or  2'50 
per  1000,  he  spoke  of  as  representing  the  amount  that  could  be 
tolerated  in  the  blood  without  passing  off  with  the  urine.  With  refer- 
ence to  this  last  statement,  it  may  be  safely  assumed  that  his  experi- 
mental basis  was  at  fault,  for,  as  will  be  seen  later  on,  2'50  per  1000 
of  sugar  in  the  blood  constitutes  a  condition  that  is  attended  with  the 
escape  of  a  notable  amount  of  sugar  with  the  urine.  In  the  case  of 
the  injection  of  the  half  gram  and  the  1  gram  of  sugar  per  kilo,  into 
the  circulation  of  the  rabbit,  the  difference  observable  resolves  itself 
into  a  question  of  whether  the  amount  reaching  the  urine  sufficed  to 
be  revealed  by  the  sensitiveness  of  the  test  or  not. 

In  reality,  up  to  a  certain  point,  sugar  may  exist  in  the  urine 
without  being  indicated  by  the  ordinary  mode  of  testing,  and  the 
difference  between  urine  which  does,  and  that  which  does  not,  give  a 
reaction  is  simply  a  difference  of  degree  as  regards  amount,  instead 
of,  as  it  presents  the  appearance  of  being,  a  difference  of  kind. 

In  Bernard's  experiments  sugar  was  injected  into  the  circulation 
and  the  urine  subsequently  examined  with  the  ordinai-y  copper  test, 
a  test  which,  as  I  have  pointed  out,  has  a  limit  of  sensitiveness  that 
permits  a  certain  small  amount  of  sugar  to  escape  being  revealed. 
With  the  urine  of  the  rabbit  especially,  which  is  often  much  loaded 
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with  solid  matter,  tlie  development  of  ammonia  in  the  application  of 
the  test  may  be  such  as  to  conceal  a  considerable  amount  of  sugar. 
This  I  have  ascertained  by  comparing  the  reaction  with  that  given 
by  the  ammoniated  cupric  test.  As  much  as  5,  G,  or  7  per  1000,  or 
even  more,  may  be  shown  to  be  present  by  the  ammoniated  cupric 
test,  without  anything  but  an  obscure  reaction  being  given  with 
Fehling's  solution. 

Iliave  undertaken  a  set  of  experiments  with  the  view  of  penetrat- 
ing further  into  the  matter  under  consideration.  Sugar  was  injected 
into  the  circulation,  and  the  sugar  present  in  the  blood  determined, 
in  some  instances  immediately,  and  in  others  at  the  end  of  different 
periods.  Where  the  urine  was  obtainable,  quantitative  determina- 
tions of  the  sugar  which  it  contained  were  also  made.  The  animals 
experimented  upon  were  rabbits  of  about  2  kilos,  weight.  From  15 
to  20  CO.  of  honey  solution,  containing  definite  quantities  of  glucose 
(determined  by  titration),  were  in  each  case  injected  into  the  jugular 
vein.  In  order  that  the  normal  state  might  as  nearly  as  possible 
prevail,  the  employment  of  an  ansesthetic  was  purposely  avoided. 
Steps  were  taken  to  secure  that  the  animal  remained  tranquil  during 
the  operative  procedure  upon  the  vein,  and,  as  a  matter  of  fact,  but 
little  notice  seemed  to  be  taken  by  it  of  what  was  done.  For  obtain- 
ing the  blood,  the  animal  was  killed  by  pithing,  the  chest  opened,  and 
the  right  heart  incised,  the  whole  being  done  as  rapidly  as  possible 
in  order  to  preclude  the  influence  of  post-mortem  change.  The  results 
of  the  experiments  stood  as  follows  : — 


Injection  of  1  gram  of  Glucose  per  liilo.  of  Body  Weight. 

Eabbit  I—  Sugar  per  1000, 

Killed  at  once ;  no  urine  obtainable.  expressed  as  glucose. 

r^    T     11     1  r  before  sulpliurie  acid    5 '050 

CanhaC  blood  -i  ^  r  .  nnrk 

Latter  „  „    5*000 

Rabbit  II— 

Killed  at  once ;  no  urine  obtainable. 

/~i    T     ui    J  f  before  sulphuric  acid   5 '555 

Cardiac  blood  I  ^j.^^^       ^„         ,   5 -203 

Rabbit  Ill- 
Killed  30  minutes  after  the  injection; 
no  urine  obtainable. 

T     11     1  f  before  sulphuric  iieid    2*450 

Cardiac  blood  „  ,   2-703 
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Sugar  per  1000, 

Rabbit  IV —  expressed  as  glucose. 

Killed  1  hour  after  the  injection. 

„                ,  f  before  sulphuric  acid   1 '460 

Cardiac  blood  I  ^^^^^                    „    1-666 

Urine  obtained  f  before  sulphuric  acid   55  "160 

after  death  .  \  after         „         „    55 '160 

Rabbit  V— 

Killed  1|  hours  after  the  injection. 

J-     1-1    1  r before  sulphuric  acid   1*243 

Cardiac  blood  I  ^f^g^         „          „    1-533 

Urine  obtained /before  sulphuric  acid   11  -370 

after  death  .  L  after         „          ,,    21-150 


Injection  of  0-5  grram  of  Glucose  per  kilo,  of  Body  Weight. 

Rabbit  VI—  Sugar  per  1000, 

Killed  at  once  ;  no  urine  obtainable.  expressed  as  glucose. 

m    T     1,1    1  r  before  sulphuric  acid   2-380 

Cardiac  blood      j..  ^ 


t  after         „         ,   2-548 


Rabbit  VII— 


Killed  30  minutes  after  the  injection  ; 
no  urine  obtainable. 

n   J-     1,1    J  r before  sulphuric  acid    1-573 

Cardiac  blood  j^^^^^;       ^    ^  .5^3 

Rabbit  VIIT— 

Killed  1  hour  after  the  injection. 

J-    1,1    J  f  before  sulphuric  acid   1-390 

Cardiac  blood  I  ^j^^^         „         „    1-370 

Urine  obtained/ before  sulphuric  acid    11-370 

after  death  .  t  after         „  „    17-860 

These  experiments  fail  to  support  the  proposition  of  Bernard  re- 
garding a  tolerating  capacity  of  the  system  for  a  certain  amonnt  of 
sugar.  The  results  obtained  were  such  as  might  naturally  be  looked 
for  with  the  introduction  of  a  diffusible  substance  like  sugar  into  the 
circulation.  Where  1  gram  per  kilo,  was  injected,  and  the  blood  was 
examined  immediately,  the  amounts  discoverable  are  observed  to 
stand  in  close  conformity.  From  the  amounts  found  immediately 
after  the  injection,  both  of  the  gram  and  the  half  gram  quantities,  a 
steady  fall  is  traceable  in  those  met  with  at  subsequent  periods.  At 
the  end,  however,  of  an  hour  and  a  half  the  fall  had  not  reached  the 
point  representative  of  the  normal  condition.  The  urine,  where  it 
was  obtainable,  showed  the  presence,  even  after  the  injection  of  the 
half  gram  per  kilo.,  of  a  considerable  amount  of  sugar,  and  in  one  of 
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the  experiments  after  the  injection  of  the  one  gram  the  qiiantity 
amounted  to  55  per- 1000. 

It  must  not  escape  notice,  in  experiments  of  the  nature  under  con- 
sideration, that  the  state  of  the  bladder,  as  regards  fullness  or 
emptiness  at  the  time  of  the  injection,  will  form  an  important  factor 
in  determining  the  character  of  the  result  obtained,  by  influencing 
the  extent  to  which  the  urine  secreted  after  the  injection  is  diluted 
by  that  previously  existing. 

A  point  deserving  a  passing  comment  is  that  in  some  of  the 
instances  a  sugar  with  a  lower  cnpric  oxide  reducing  power  than 
that  of  glucose  was  present,  notwithstanding  glucose  was  the  form 
of  sugar  injected. 

In  another  series  of  experiments,  laevulose  derived  from  the 
recently  devised  process  of  manufacture  was  injected  into  the  circu- 
lation in  place  of  the  glucose  (mixture  of  dextrose  and  IjEvulose)  of 
which  honey  consists.  I  gram  to  the  kilo,  of  body  weight  was  the 
quantity  used,  and  the  steps  of  operative  and  analytical  procedure 
were  precisely  the  same  as  in  the  experiments  recorded  above. 

Injection  of  1  gram  of  Lceviilose  per  kilo,  of  Body  Weight. 

Eabbit  I —  Sugar  per  1000, 

Killed  at  once.  expressed  as  glucose. 

^    T  ,   1"  before  sulphuric  acid    4  387 

(Jardiac  blood  i  o  -o^r 

Urine  obtained  J  before  sulphuric  acid    3'571 

after  death  .  \  after         „  „    6  250 

Eabbit  II— 

Killed  30  minutes  after  the  injection. 

^    J.  1    r  before  sulphuric  acid    2'523 

Cardiac  blood  ■{    r,           ^  c  -i-^ 

1^  after         ,,  ,,    2'o77 

Urine  obtained  J  before  sulphuric  acid    07'402 

after  death  .  \  after        „  „    71-091 

Eabbit  Ill- 
Killed  1  hour  after  the  injection. 

/-IT     1.1     1   f  before  sulphuric  acid    1"893 

Cardiac  blood  i   c,-  i  .ono 

[after  ,,    1'800 

Urine  obtained  J  before  sulphuric  acid    37  037 

after  death  .   \  after         „  „    35  333 


Eabbit  IV— 

Killed  1^  hours  after  the  injection. 

1  003 
1-517 

Urine  obtained  /  before  sulphuric  acid    30  303 

after  death  .  \i\hci-         „  „    25-900 


^  J.  ,1  J  r  before  sulphuric  acid 
Cardiac  blood  <    „,  ' 

[  after         ,,  ,, 
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On  looking  through  these  results  and  comparing  them  with  those 
belonging  to  the  preceding  series  in  which  1  gram  per  kilo,  of 
glucose  from  honey  was  injected,  it  is  noticeable  that  no  significant 
difference  in  the  amount  of  sugar  found  in  the  blood  exists  between 
the  two.  It  fortunately  happened  that  urine  was  procurable  from 
each  of  the  rabbits  after  death.  In  that  obtained  from  rabbit  II,  the 
proportion  of  sugar  was  strikingly  large,  whilst  with  rabbits  III  and 
IV  a  notable  amount  was  also  found.  The  conspicuous  point  of 
difference  observable  from  the  preceding  series  is  in  the  fall  in  the 
amount  of  sugar  occasioned  by  boiling  with  sulphuric  acid.  This 
effect  of  the  treatment  with  acid  is  only  in  harmony  with  the  known 
property  of  Isevulose  in  becoming  more  easily  destroyed  or  lost  by  the 
action  of  heat  and  acids  than  dextrose.  From  the  urine  of  rabbit  I, 
in  which  only  the  sugar  naturally  belonging  to  the  healthy  state  was 
present,  the  figures  obtained  after  the  treatment  with  sulphuric  acid 
are  higher  than  those  yielded  before  the  treatment.  The  inverted 
condenser,  it  may  be  remarked,  and  not  the  autoclave,  was  employed 
in  the  case  of  all  the  urines. 

As  the  outcome  of  all  that  has  preceded,  not  only  may  it  be  said 
that  sugar  normally  exists  in  the  urine,  but  further  that  it  is  present 
in  proportion  to  the  amount  contained  in  the  blood ;  and  this  holds 
good  for  the  slight  fluctuations  occurring  under  ordinary  conditions 
as  well  as  for  the  larger  amounts  occurring  in  connection  with 
diabetes. 

■  In  illustration  of  this  last  assertion,  I  may  give  the  results  of 
some  observations  which  I  conducted  some  years  ago  upon  persons 
suffering  from  diabetes,  and  which  were  recorded  in  the  Croonian 
Lectures,  "  On  certain  points  connected  with  Diabetes,"  1878,  p.  80. 
Blood  obtained  by  cupping  was  analysed,  and  the  urine  passed  during 
the  corresponding  twenty-four  hours'  period  was  collected,  measured, 
and  examined. 

In  the  appended  table  the  particulars  are  arranged  so  as  to  show 
the  salient  points  belonging  to  each  observation.  Case  I  was  that  of 
a  patient  suffering  from  a  severe  form  of  diabetes,  and  subsisting  at 
the  time  upon  a  diet  of  ordinary  mixed  food.  II  and  III  were  also 
severe  cases,  and  in  these,  observations  were  conducted  when  the 
patients  were  upon  an  ordinary  mixed  diet,  and  again  when  the  sugar 
to  be  eliminated  had  been  diminished  by  the  exclusion  of  starchy  and 
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saccharine  matter  from  tlie  food.  Case  IV  was  one  of  a  milder  type, 
and  the  sugar  passed  under  a  partially  restricted  diet  was  less  than 
that  passed  under  the  restricted  diet  in  the  other  cases. 

Nothing  could  show  more  clearly  than  these  results  that  the 
amount  of  sugar  appearing  in  the  urine  stands  in  proportion  to  the 
amount  existing  in  the  blood.  The  urine  in  reality  constitutes  the 
channel  of  exit  for  the  sugar  which  is  abnormally  present  in  diabetes, 
and  in  this  way  aifords  the  natural  provision  for  keeping  down  the 
amount  within  the  system.  Such  being  what  is  noticeable  with 
reference  to  the  sugar  belonging  to  diabetes,  it  would  indeed  be 
strange  if  a  different  principle  prevailed  with  reference  to  that 
belonging  to  health,  and  if,  with  a  diffusible  substance  like  sugar,  the 
contention  of  Bernard  held  good  that  a  hard  and  fast  line  existed 
between  escape  and  non-escape  with  the  urine.  The  fact,  indeed,  is 
that  a  small  amount  of  sugar,  as  has  been  shown,  exists  in  healthy 
urine,  in  harmony  with  the  small  amount  existing  in  healthy 
blood.  As  the  amount  rises  in  the  blood  so  it  rises  in  the  urine, 
without  any  absolutely  sharp  line  of  demarcation  existing  between  the 
normal  and  abnormal  states.  The  transition,  in  fact,  from  health  to 
disease,  instead  of  being  abrupt,  takes  place  by  gradations  of  an 
insensible  nature. 
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In  accord  with  what  is  noticeable  elsewhere  throughout  the  system, 
muscle  contains  a  certain  amount  of  sugar.  I  have  made  a  large 
number  of  observations  upon  the  sugar  belonging  to  it,  and  will  here 
furnish  a  representation  of  the  information  which  has  been  obtained. 

Mammalian  Animals. — The  following  digest  gives  the  main  points 
of  information  derived  from  115  determinations  of  muscle-sugar  in 
the  dog,  rabbit,  cat,  sheep,  horse,  and  pig. 

Nature  of  Sugar. 

As  regards  the  nature  of  the  sugar  met  with,  it  is  to  be  stated  that 
the  cupric  oxide  reducing  power  belonging  to  it  stood,  in  the  great 
majority  of  instances,  below  that  of  glucose.  The  ordinary  range  of 
reducing  power  was  from  about  45  or  50  to  about  80,  as  compared 
with  that  of  glucose  at  100.    The  average  was  found  to  be  about  G5. 


Osazone  crystals  from  tlio  sugar  of  muscle  (bullock). 
Magnified  '100  diameters. 


Osazoue  crystals  from  the  sugar  of  leg  muscle  (dog) .     Magnified  400  diameters. 
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Osazone  crystals  from  the  sugar  of  cardiac  muscle  (dog).   Maguificd  400  diameters. 


Amount  of  Surjar. 

The  amount  of  sugar,  estimated  in  the  form  of  glucose,  stood  in 
the  largest  number  of  instances  at  from  2  to  4  per  1000,  In  no 
instance  was  the  quantity  found  to  be  less  than  1  per  1000.  Rarely 
was  it  observed  to  exceed  5  or  G  per  1000.  Upon  one  occasion,  how- 
ever, as  much  as  9  per  1000  was  found.  The  instance  falls  in  the 
series  of  analyses  given  a  little  further  on  of  muscular  tissue  taken 
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from  different  parts  of  a  dog,  and  applies  to  the  muscle  of  the  hind 
leg.  The  accompanjang  glycogen  figures  stood,  it  was  likewise 
noticeable,  unusually  high.  Another  large  amount  that  I  find  re- 
corded was  yielded  by  the  muscular  tissue  of  the  diaphragm  of  a  dog, 
the  figures  for  which  stood  at  3'800  per  1000  before  treatment  with 
sulphuric  acid,  and  7"100  per  1000  afterwards.  In  this  case,  as  in 
the  other,  muscular  tissue  taken  from  different  parts  was  examined. 
The  analytical  figures  for  the  other  parts  were  of  an  ordinary  char- 
acter. The  amount  of  the  accompanying  glycogen  was  below  the 
usual. 

To  ascertain  whether  an  ordinarily  conducted  examination  fur- 
nishes a  coi'rect  representation  of  the  amount  of  muscle-sugar  existing 
during  life,  a  piece  of  muscle  was  in  several  instances  removed 
quickly  after  death,  and  placed  in  a  freezing  mixture,  whilst  another 
piece  was  taken  in  an  ordinary  way.  No  difference  of  a  definite 
nature  was  encountered.  The  following  detailed  account  of  an 
observation  may  be  given  : — 

Ciipric  oxide 
reducing  power  of  the 
Sugar  per  1000,        sugar  jiresent  in 
expressed  as         relation  to  that  of 
Rabbit —  glucose.  glucose  at  100. 

Muscle  of  fore-leg —  . 

.•     f  before  sulphuric  acid  ..     1 '747  1 
Frozen  portion  I  ^^^^^       \,        „     ..     2-730  j^* 

}77 


Unfrozen  por-  f  before  „         ,,     . .  1  '983 

tion  \  after  „         >,     •  •  2 '567 

Muscle  of  hind-leg — 

/before  „         „..  2-130  "I 

Frozen  portion  I  ^f^^^.  _  ^.q^  | 


Unfrozen  por-  f  before       ,,         „     ■ .     2  -427 
tion  1  after         „         ,!     •  •  3-640 


59 
1-67 


Amount  of  Sugar  in  Muscular  Tissue  derived  from  different  parts. 

The  muscular  tissue  taken  from  different  parts  of  Lhe  same  animal 
was  sometimes  found  to  present  considerable  variation  in  relation  to 
the  amount  of  sugar  present.  The  following  is  an  example  in 
illustration  : — 
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Dog- 
Muscle  of  tongue. . .. 

,,  diapliragm 

,,        heart  .... 

„        hind-leg . . 


Sugar  per  1000, 
expressed  as 
glucose. 

Cuprie  oxide 
reducing  power  of  the 
sugar  present  in 

1*1  '1  •!  1 1  HTi  irk  1 11 M  rtT 

glucose  at  100. 

before  sulphuric 
after  „ 

acid  2  •458 
„     3  -727 

lee 

J 

before  ,, 
after  „ 

„     1 -662 
„     2  '259 

|74 

before  „ 
after  ,, 

„     2  -855 
„  4-700 

}- 

before  ,, 
after  ,, 

„     6  -502 
„  9-292 

Nothing  was  deducible  from  the  observations  pointing  to  the 
existence  of  any  specific  difference  associated  witli  a  difference  in  the 
kind  of  animal. 


Question  of  the  Influence  of  Food. 

No  effect  was  traceable  to  food,  except  that  in  a  group  of  instances 
•where  sugar  -vvas  administered  in  conjunction  -with  other  food  a  rather 
higher  range  of  figures  was  presented. 

Non- Mammalian  Animals  .- — I  have  given  a  summarised,  instead  of 
a  detailed,  representation  of  the  observations  conducted  upon  the 
mammalian  animal,  on  account  of  the  large  number  to  be  dealt  with. 
Those  upon  other  animals,  being  comparatively  few,  may  be  given 
in  full.  Two  points  are  noticeable  in  connexion  with  them.  The 
amount  of  sugar  is  in  general  less,  and  its  cnpric  oxide  reducing 
power,  especially  in  the  case  of  the  crustacean  animal,  lower — in 
some  instances  indeed  conspicuously  lower — than  in  the  mammal. 

Cnpric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 

j59 
1 58 


Fowl- 


Sugar  per  1000, 
expressed  as 
glucose. 


nr     1     r  1       ,  f  before  sulphuric  acid. ...  1  -380 

Muscle  of  breast  I  1  2-340 

,         r  before  „  „  . .  . .  1  "120 

"  ••  \ after  „  „  ..  ..  1-930 
Grouse — 

Muscle  of  breast  I  "  '■••••  llf^ 

latter  „         „    2-730 


MUSCLE  OF  VARIOUS  ANIMALS. 
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Tortoise — 

Muscle  . , 
Tortoise — • 

Muscle  .. 
Frog— 

Muscle  .. 
Frog— 

Muscle  . . 
Salmon — 

Muscle  . . 
Cod— 

Muscle  . . 
Turlot— 

Muscle  .  , 
Mackerel — 

Muscle  , . 
Plaice — 

Muscle  . , 
Eel— 

Muscle  . . 


Lobster — 

Muscle  of  tail. . 

„  claw 
Lobster — • 

Muscle  of  tail. . 


Lobster — 

Muscle  of  tail. . 

,,  claw 
Crab— 

Muscle  of  claw 
Crab— 

Muscle  of  claw 


Sugar  per  1000, 
GxprcssGcl  clS 
glucose. 

before 
after 

sulphuric  acid. 

...     1  -810 

before 
after 

>) 

J)  • 

1  •9791 
. .     2  -254 

before 
after 

J) 

. .     3  -030 

before 
after 

)) 

"  • 

<  <           \J     i7  4  O 

. .     2  -330 

before 
after 

n 

■  •        \J  00\J 

. .     2  -300 

before 
after 

)) 

. .    2  -170 

before 
after 

3) 

J)  • 

. .     0  -830 
. . .     1  -460 

before 
after 

J) 

.  . .     2 -469 
.  . .     4  -502 

before 
after 

,, 
)J 

. ..  2-453 
.  . .     3  -240 

before 
after 

)» 

. . .     0  -800 
.  . .     2  -030 

before 
after 

. .     0  -700 
..  1-810 

before 
after 

" 

"  * 

. .     1 -037 
. .     1  -720 

before 
after 

. .    0  -780 
. .    2  -730 

before 
after 

))  • 
)J  ■ 

.,  0-620 
. .    1  -660 

before 
after 

J> 

. .    1  -7(^0 
. .     2  -090 

before 
after 

..  0-230 
. .     0 -743 

before 
after 

)) 

. .     0  -270 
,,  0-624 

before 
after 

JJ 

..  1-500 
. .     1  -500 

before 
after 

>> 
J> 

))  ■ 

>) 

. .     1  -482 
. .     2  -392 

Cupric  oxide 
reducing  power  of  tbe 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 

167 


■56 


1 32 

} 
}- 

j-55 

}™ 
}■■ 


-23 


38 


•39 
-38 


-60 
-28 


}' 
}■■ 

t 

1 37 
|83 

} 
} 

} 

} 


31 
43 

100 
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THE   SPLEEN  IN  RELATION  TO  SUGAR. 
Representative  examples  from  a  collection  of  twenty  observations. 

Spleen  of  horse 
Spleen  of  sheep 
Spleen  of  dog  . . 
Spleen  of  dog  . . 
Spleen  of  dog  . . 


Osazone  crystals  from  the  sugar  of  the  spleen  (horse). 
Magnified  400  diameters. 


Sugar  per  1000, 

expressed  as 

glucose. 

before  suljjhuric  acid. . 

. .     1  -320 

after         „         ,,  . . 

..  1634 

before        ,,             •  • 

. .     1  -984 

after          „         „  .. 

. .    2  -777 

before       „        i,  . . 

. .    1  -587 

after                    j,  • . 

. .    1  -827 

before        „             .  • 

. .    2  -032 

after          „             ■ . 

. .    2  -777 

before        ,,         „  .. 

. .     3  -342 

after         „         „  .. 

. .     5  -819 

Ciipric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 

-81 


-57 
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THE  KIDNEY  IN  RELATION  TO  SUGAR. 

Representative  examples  from  a  collection  of  fifteen  observations. 

Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 


Kidney  of  borse. 
Eidney  of  horse. 
Kidney  of  dog  . . 
Kidney  of  dog  . . 
Kidney  of  slieep. 


Sugar  per  1000, 

expressed  as 

glucose. 

before  sulphuric  acid. 

. ..  1-572 

after         ,,         „  . 

.  ..  2-575 

before       „        ,,  . 

. . .    0  -896 

after         ,,         ,,  . 

. .    1  -132 

before       ,,         ,,  . 

..  1-685 

after         „         „  . 

. . .    2  -229 

before       „        ,,  . 

..  1-123 

after         „        „  . 

..  1-765 

before     '  „         „  . 

. ..  0-960 

after         ,,         ,,  . 

.  . .  1-380 

}79 
}76 
1 64 


Osazone  crystals  from  the  sugar  of  the  kidney  (horse).     Magnified  400  diameters. 
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THE  PANCREAS  IN  RELATION  TO  SUGAR. 

Representative  examples  from  a  collection  of  eigliteen  observations. 

Cupric  oxide 
reducing  power  of  the 


Sugar  per  lOOO,  sugar  present  in 

expressed  as  relation  to  that  of 

glucose.  glucose  at  100. 

T)             ri         f  before  sulijhuric  acid. .. .     1*463  ~l 
Pancreasof  horse  1^^^^^^.       i           ^    __  __  2-688 

T)             £  1        f before       ,,         „  ....     0*7.S1  "1  .„ 

Pancreas  of  sheep  I  ^^j.^^^                   „  ....     1-388  /^^ 

Pancreas  of  sheep  "      .  S-725 

-r,             f  1        f  before        ,,                      0  -812  "1  _^ 

Pancreas  of  dog. .  |  ^^f^^^.                    _____     ^  .^33  j-  57 

T,             p  1        /before        „         „  .. ..     2-314  \„q 

Pancreasof  dog..  I^f^^^.                    ^  __  __     3.3^3  |69 


THE  LUNG  IN  RELATION  TO  SUGAR. 


Four  observations. 


Lungs  of  horse  , 
Lungs  of  dog  .. , 

Liiugs  of  dog  , . . 

Lungs  of  foetal 
pups 


fbc 
\  af 

fbc 
\  afi 


fore  sulphuric  acid 
ftcr 
fore 


ifter 
f  before 
\  after 
J  before 
\  after 


Sugar  per  1000, 
expressed  as 
glucose. 
1-545 
2  -183 
3-186 
4  -870 

0-  947 

1-  106 
1-631 
]  -725 


Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 


}n 

j-65 
}67 
j-95 


Osazoiie  crystals  from  tlie  sugar  of  the  luug  (dog).    Magnified  400  diameters. 
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THE  BRAIN  IN  RELATION  TO  SUGAR. 
Representative  examples  from  a  collection  of  six  observations. 


Brain  of  dog 
Brain  of  dog. 
Brain  of  dog. 


/before  sulphuric  acid, 
\  after         „         „  , 


Sugar  per  1000, 
expressed  as 
glucose. 
..  0-780 
..  1-500 

..  1-318 
. .     1  -705 

..  0-720 
..  1-216 


Cupric  oxide 
reducing  poTver  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 

1 52 
}77 
j-59 


J  before 
\  after 

f  before 
\  after 


THE  PLACENTA  AND  FCETUS  IN  RELATION  TO  SUGAR. 


Four  observations. 


Til  i.  _r  J  r  before  sulphuric  acid 
Placenta  of  dog. .  j  ^^^^^  ^ 


Placenta  of  rabbit 


/  before 
\  after 


Foetuses  removed"] 

from  the  uterus  I  before 

of    a    recently  [after 

killed  rabbit  J 
Placenta  and  carlj  f  before 

foetuses  of  rabbit  \  after 


Sugar  per  1000, 
expressed  as 
glucose. 
1-461 
1  -438 

1-  263 

2-  285 

2-845 
4-699 

1  -411 
2-043 


Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  ut  100. 

^  glucose 
]-55 


-61 


69 
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ORGANS  OF  GENERATION  OF  FISH  AND  CRUSTACEA 
IN  RELATION  TO  SUGAR, 


Cod- 
Spermatic  organ  sulphuric 



Mackerel — 

Spermatic  '^^S^^ '^^^g^.^ 



Lobster— 

r^  f  before 

O^^^y  {after 

Lobster — 

^  f  before 

^^'^''y {after 
Ova  attached  to  /before 
tail  \  after 

Crab— 

^  f  before 

O^^^y  {after 


Cupric  oxide 
reducing  power  of  the 
Sugar  per  1000,       sugar  present  in 
expressed  as        relation  to  that  of 
glucose.  glucose  at  100. 


acid. 


Crab- 


Spermatic  organ 


before 
after 


0-  430 

1-  960 
0-630 
1  -950 


2-  300 

3-  680 
1-530 

4-  090 


3-440 
7-380 


3-600 
3-600 
1-430 
2  -570 


2-600 
4-300 


2-020 
4-750 


|-22 
[-32 

[-62 
^37 

|-47 

-100 
i-55 

60 

►  42 
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THE  EGG  m  RELATION  TO  SUGAR. 


The  egg  agrees  with  other  animal  products  in  containing  a  certain 
amount  of  sugar.  My  observations  have  been  conducted  upon  the 
egg  of  the  domestic  fowl,  and  I  have  carried  my  enquiry  to  the  con- 
dition existing  during  the  progress  of  incubation. 

Taking  the  entire  egg  and  including  the  shell  in  the  initial  weight, 
the  following  figures  show  the  amount  and  nature  of  the  sugar  found 
in  three  analyses : — 


Fresh  egg — 

,  J  before  siilpliiiric  acid 

^   t  after 

2  f  before 

  1  after 

„  J  before 

  1  after 


Sugar  per  1000, 
expressed  as 
glucose. 

,  ..  1-962 

,  . .  1  -962 

,  . .  2  -560 

. .  2  -560 

,  . .  2  -554 

. .  2  -554 


Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  cf 
glucose  at  100. 


|-  glucose 
I  glucose 
I  glucose 


An  examination  of  the  white  and  yolk  separately  gave  the  sub- 
joined results.  The  egg  taken  weighed,  including  the  .shell,  63'13 
grams.  The  white  obtained  from  it  weighed  37"06  gi'ams,  aud  the 
yolk  18' 75  grams.  The  sugar  figui'es  respectively  yielded  stood  as 
follows  : — 


White 
Yolk  . 


{before  sulphuric  acid. .  . . 
after  ,, 
J  before  ,, 
I  after         „         „  . .  . . 


Sugar  per  1000, 
expressed  as 
glucose. 
3  -418 
3  -262 
0-789 
0-832 


Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  tliat  of 
glucose  at  100. 


}95 


ucose 


Nearly  mature  ova,  taken  from  the  ovary  and  therefore  compre- 
hending only  the  yolk,  gave,  on  examination,  the  following  figures  : — 


NATURE  AND  AMOUNT  OF  SUGAR. 
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Sugar  per  1000, 
expressed  as 
glucose. 


Cupric  oxide 
reducing  power  of  tlie 
sugar  present  in 
relation  to  that  o£ 
glucose  at  100. 


Nearly  mature  ova  1  ^^^^^.^  sulphuric  acid. ...    0  -805 


taken  from  the 
ovary 


after 


0-808 


j-  glucose 


It  thus  appears  that  the  kind  of  sugai-  met  with  is,  in  both  white 
and  yolk,  shown  to  be  practically  glucose,  and  that  the  white  contains 
a  far  larger  amount  than  the  yolk.  For  the  entire  egg  the  quantity 
stands  at  from  about  2  to  about  2'5  per  1000. 

The  character  of  the  osazone  derivable  from  the  sugar  of  the  egg 
confirms  what  has  just  been  stated  regarding  the  form  of  sugar 
present.  Subjoined  is  a  photo-engraving  from  a  micro-photograph 
of  the  crystals  obtained  from  an  aqueous  extract  of  the  white  of  egg 
treated  with  phenylhydrazine.  They  constitute  typical  crystals  of 
glucosazone. 


Osazone  crystals  from  the  sugar  of  the  egg.    Magnified  400  diameters. 
The  effect  of  incubation  was  studied  thi-ough_the  employment  of  an 
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THE  EGG  IN  KELATIOX  TO  SUGAT?, 


incubator.  Pains  were  taken  to  procure  fertile  eggs,  but  many  of 
them,  nevertheless,  failed  to  undergo  any  development.  In  others 
development  proceeded  up  to  a  certain  point  and  then  stopped.  It 
further  unfortunately  happened,  in  connexion  with  a  batch,  that  just 
before  the  completion  of  the  full  term  of  incubation  the  temperature 
was  permitted  to  fall  below  the  proper  point,  which  led  to  several 
nearly  mature  chicks  being  found  dead  within  the  shell.  It  was 
found  in  all  cases  that,  under  exposure  in  the  incubator,  a  loss  of 
weight  steadily  occurred,  amounting,  at  the  end  of  the  twenty-one 
days  term  of  incubation,  to  something  considerable.  In  one  instance 
it  was  noticed  to  have  reached  to  as  much  as  over  20  grams.  To 
secure  a  uniform  basis  of  comparison,  the  initial  weight  of  the  egg 
was  taken  in  making  the  calculation.  If  calculated  in  relation  to  the 
diminished  weight  existing,  higher  proportionate  figures  would  be 
presented,  giving  a  semblance  of  the  occurrence  of  an  increase  in  the 
amount  of  sugar  where  no  increase  had  actually  taken  place,  or  con- 
cealing a  fall  where  such  in  reality  had  occurred. 

When  the  egg  was  removed  from  the  incubator,  the  shell  was 
broken  and  a  careful  examination  made,  to  see  if  any  development 
had  occurred.  Of  the  eggs  which  were  found  not  to  have  undergone 
development,  several  were  submitted  to  analysis,  as  well  as  those 
which  had  done  so.    The  results  obtained  ran  as  follows : — 


Period  when  talcen 


and  condition. 
8tli  day- 


Sugar  per  1000, 
expressed  as 
ghicose. 


Cupric  oxide 
reducing  power  of  tbe 
sugar  present  iu 
relation  to  tliat  of 
ghicose  at  100. 


Liye  cliick  . . . . 
9th  day— 


before  sulphuric  aci( 
after  ,,  ,, 


id 


.  0-918 


0-970 


0-594 
0-59-1 


nth  day— 


0-733 
0-789 


12th  day— 


0-637 
0-859 


14th  day — 
Live  feathered 

chick 
Small  dead 

chick 


0-618 
0-690 
0-421 
0-427 


INFLUENCE  OF  INCUBATION. 
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Period  when  taken 
"  and  condition. 

16th  day- 
Live  feathered  f  before  sulphuric  acid, 

chick  \  after  „  ,, 

Evidence  of 

some  incipi-  I 

ent  develop-  I  before  „  „ 
ment,  but  no  [after  „  „ 

distinct  em-  | 
bryo  noticed  J 

19th  day- 
Small     dead    J  before        „        „  , 
chick  L  after  „         ,,  , 

21st  day— 

Fair-sized  dead 
chick  of 
about  the 
loth  day 

20th  day— 

Nearly  full- 
si  zed  dead 
chick 

21st  day — 

Nearly  full- 
sized  dead 
chick 

21st  day-- 
Nearly 
sized 
chick 


before 
after 


I  before 
[  after 


before 
after 


Sugar  per  1,000, 
expressed  as 
glucose, 

...  0-578 
...  0-662 


1-191 
1-253 


dead  l^f'"'^ 
j  alter 


0-514 
0-562 


0-391 
0-474 


0-  741 

1-  068 


0-539 
0-688 


0-591 
0-827 


8th  day— 

TT  J  1  J  f  before  „  „  . . . .  2  -485 
Undeveloped..  I  ^f^^^         "         "  ....  2-528 

10th  day— 

Undeveloped,,  {^f^,"  ^  -  I'^f^ 

16th  day — 

TT  J  1  J  r before  „  2-450 
rndeveloped..|^^^^^         "  2-206 

1 7th  day— 

No  appearance  n^^f^^    ^  .5^3 

of^^  develop.  I  ^    _  ,.,,3 

19th  day— 
21st  day — 

J"  before        ,,  1  '014 


Undeveloped 


1  after  „         „    1-218 


Cupric  oxide 
reducing  power  of  the 
sugar  present  in 
relation  to  that  of 
glucose  at  100. 

.  j-88 
1 94 

j-9a 

|83 
}70 

}n 

j-98 
}99 
glucose. 

^  glucose. 


|-  glucose. 
1 84 
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THE  EGG  IN  RELATION  TO  SUGAR. 


On  looking  at  the  above  results,  two  points  are  noticeable — one,  a 
marked  and  speedy  drop  in  the  amount  of  sugar  at  the  commence- 
ment of  eml^rjonic  development,  and  the  other,  an  alteration  in  the 
character  of  the  sugar,  represented  by  a  diminution  of  cupric  oxide 
reducing  power.  Two  instances,  it  is  observable,  occur  amongst  the 
undeveloped  eggs,  in  which  there  was  a  similar  dj-op  in  the  amount 
of  sugar  found,  and  the  question  suggests  itself,  on  account  of  the 
general  accordance  in  the  results,  whether  there  might  not  here  have 
been  some  incipient  development  whicli  had  escaped  observation. 

The  analyses,  it  may  be  stated,  also  included  the  determination, 
by  the  process  adopted  for  the  estimation  of  glycogen,  of  the  carbo- 
bydrate  matter  contained  in  the  residue  from  alcoholic  extraction. 
No  alteration  was  discernible  that  could  be  considered  attributable 
to  the  influence  of  development.  The  same,  it  may  be  remarked, 
was  found  to  be  the  case  with  the  figures  expressive  of  the  total 
carbohydrate  encountered. 
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GLYCOGEN"  AND  PROTEIU-CLEAVAGE  CARBOHYDRATE. 


I  have  now  to  speak  of  the  carbohydrate  matter,  other  than  sugar, 
obtainable  from  the  constituent  parts  of  the  animal  system.  After 
the  removal  of  sugar  by  alcoholic  extraction,  the  residue  still  gives 
evidence  of  the  presence  of  carbohydrate.  With  certain  tissues,  this 
carbohydrate  consists,  undoubtedly,  to  a  greater  or  less  extent  of 
glycogen — a  principle  the  discovery  of  which  resulted  from  the 
masterly  researches  of  Bernard.  In  addition,  as  I  have  shown  in  an 
earlier  part  of  this  work  when  treating  of  the  glucoside  constitution 
of  proteid  matter,  the  residue  yields,  under  the  process  of  analysis 
which  I  have  been  in  the  habit  of  employing  for  the  separation  and 
estimation  of  glycogen — namely,  boiling  with  potash  and  precipitat- 
ing with  alcohol — a  certain  amount  of  carbohydrate  material,  not 
identical  with,  but  closely  allied  to,  glycogen. 

As  regards  glycogen,  it  is  well-known  history  that  Bernard,  in  the 
first  instance,  recoguised  it  in  the  liver.  Subsequent  investigation 
led  to  his  recognition  of  it  in  muscle  and  in  the  lungs,  whilst  in  no 
other  tissue  of  the  adult  animal  did  he  meet  with  it.  In  the  prosecu- 
tion of  further  research  he  detected  it  in  cells  belonging  to  the 
amnion  and  placenta,  and  subsequently  found  it  widely  distributed 
through  the  tissues  of  the  foetus.  From  observing  its  presence  in  the 
skin  and  its  epithelial  appendages,  in  the  lining  surface  of  the 
alimentary  canal,  in  the  ducts  of  glands  opening  into  the  alimentary 
canal  (not  the  glands  themselves),  in  the  respiratory  surface,  and  in 
the  genito-urinary  surface,  of  the  embryo,  he  was  led  to  regard  it  as 
being  concerned  in  the  development  of  the  limiting  membranes.  In 
the  liver  he  noted  that  glycogen  did  not  make  its  appearance  until 
about  the  middle  of  intra-uterine  life.  In  foetal  structures  other 
than  those  mentioned,  with  the  exception  of  muscle,  he  did  not  detect 
its  presence. 

In  my  own  work  in  connexion  with  the  liver,  I,  at  an  early  period, 
liad  recourse  for  the  extraction  and  estimation  of  glycogen  to  a  pro- 
cess which  consisted,  as  I  have  previously  mentioned,  in  boiling  wdth 
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potash,  precipitating  with  alcohol,  boiling  with  dilate  sulphuric  acid, 
and  titrating  with  the  ammoniated  cupric  test  solution.  Circum- 
stances afterwards  led  to  my  applying  the  process  to  other  consti- 
tuents of  the  body.  I  had  happened  to  notice  in  the  case  of  blood 
that  the  residue  from  alcoholic  extraction,  on  being  treated  with 
boiling  water,  yielded  a  product  possessing  a  certain  small  amount  of 
cupric  oxide  reducing  power  before  treatment  with  sulphuric  acid 
and  an  amount  considerably  greater  afterwards.  This,  after  being 
put  to  the  test  of  enquiry,  I  concluded  was  due  to  the  presence  of 
glycogen  together  with  a  little  sugar  which  had  escaped  removal  by  the 
alcohol.  I  was  led  now  to  apply  the  potash  process  made  use  of  for 
the  separation  of  glycogen  from  the  liver  to  the  residue  from  the 
alcoholic  extraction  of  blood,  and  I  found  that  it  yielded  a  non-reduc- 
ing substance  precipitable  by  alcohol  and  convertible  through  the 
agency  of  sulphuric  acid  into  a  reducing  sugar.  I  afterwards  applied 
the  process  to  the  tissues  and  organs  of  the  body  generally,  with  the 
result  that  in  each  case  a  similar  product  was  obtained. 

Unaware  of  what  I  have  recently  discovered  with  regard  to  the 
glucoside  constitution  of  proteid  matter,  I  looked  upon  the  product 
obtained  as  consisting  of  glycogen.  Research,  however,  has  taught 
me  that  the  proteid  entering  into  the  constitution  of  the  blood  and 
other  component  parts  of  the  body  yields,  under  the  potash  process 
employed,  a  cleavage  carbohydrate,  which  accompanies  the  glycogen 
where  such  exists,  and  in  the  cases  where  no  glycogen  exists  stands 
alone  as  the  source  of  the  cupric  oxide  reducing  product  obtained. 

I  may  mention  here  that  in  my  former  writings  I  have  spoken  of 
glycogen  (and,  of  course,  with  it  was  included  the  cleavage  carbo- 
hydrate from  proteid)  under  the  term  "  amyloid  substance."  As  I 
have  previously  stated,  I  look  upon  the  term  "  glycogen  "  as  a  mis- 
nomer, on  account  of  the  unsound  physiological  basis  upon  which  its 
application  is  founded.  I  have  felt  that  the  term  "  amyloid  substance  " 
is  one  that  simply  expresses  the  nature  of  the  material  and  involves 
no  physiological  error,  and,  therefore,  that  its  adoption  in  the  place  of 
"glycogen  "  would  be  exceedingly  desirable.  The  term  "glycogen," 
however,  has  become  so  deeply  i-ooted  in  chemical  and  physiological 
literature,  that  to  avoid  complication  I  have  considered  it  wise  to  sink 
my  own  view  on  the  matter,  and  have  employed  it  throughout  in  this 
work,  instead  of  the  term  "  amyloid  substance  "  which  I  formerly  used. 
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A  new  difiBculty  is  created  by  the  discovery  of  the  cleavage  carbo- 
hydrate from  proteid  matter,  as  this  passes  with  the  glycogen  in  the 
results  yielded  by  analysis.  I  do  not  at  present  see  how  they  are 
satisfactorily  to  be  separately  estimated.  The  results  that  follow 
comprise  the  figures  derived  from  both  materials.  When  the  analyses 
were  undertaken  I  was  unaware  of  what  has  since  been  learnt  about 
the  increased  cupric  oxide  reducing  power  which  results  from  the 
employment  of  10  per  cent,  as  compared  with  2  per  cent,  sulphuric 
acid  when  the  cleavage  carbohydrate  is  being  dealt  with.  As  I  have 
shown  (p.  37),  the  increase  is  to  the  extent  of  nearly  doubling  the 
cupric  oxide  reducing  power.  It  follows,  therefore,  that  in  the  re- 
sults given,  since  2  per  cent,  was  the  strength  of  acid  in  all  casefl 
employed,  the  cleavage  carbohydrate  is  considerably  under-estimated. 
Moreover,  a  further  source  of  uuder-estimation,  it  must  be  stated, 
exists  in  connexion  with  the  treatment  with  potash,  for  I  have  found 
that  if  blood  or  other  proteid-containing  matter  be  mixed  with 
potash  and  allowed  to  remain  in  contact  with  it  for  several  days 
before  being  boiled,  a  larger  amount  of  cleavage  carbohydrate  is  ob- 
tained than  if  the  boiling  is  performed  at  once.  The  results  given  are 
derived  from  analyses  in  which  the  boiling  (with  10  per  cent,  potash) 
was  conducted  without  any  previous  prolonged  standing,  and  thereforo 
represent  an  amount  of  material  short  of  what  might  have  been 
attainably  obtained.  They  must,  therefore,  be  only  taken  for  what 
they  are  really  worth — that  is,  not  as  affording  full  or  precise  informa- 
tion of  the  state  existing  in  the  individual  eases,  but  as  giving  an 
approximate  representation  of  the  truth  relating  thereto,  and  with 
this  a  correct  representation  of  the  comparative  state  of  the  difBerenfc 
specimens  examined.  It  will  be  understood  that  the  remarks  which 
have  just  been  made  do  not  apply  to  the  estimation  of  glycogen.  ; 
Whatever  of  this  principle  may  be  present,  is  fully  and  accurately 
represented  by  the  process  employed. 

In  the  results  that  follow,  then,  the  figures  referring  to  the  cleavage 
carbohydrate  are  considerably  nnder-stated.  The  cleavage  carbo- 
hydrate and  glycogen  I  am  obliged  to  express  together,  as  they  are 
both  yielded  by  the  process  adopted.  For  the  sake  of  convenience 
they  will  be  comprised,  assuming  that  the  cleavage  carbohydrate,  like 
glycogen,  is  of  an  amylose  nature,  under  the  term  "  amylose  cai'bo- 
hydrate,"  which  will  thus  represent  the  carbohydrate  obtained  from 
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the  res^idae  from  which  the  sugar  has  been  removed  by  alcoholic  ex- 
traction. How  jnuch  may  be  actually  cleavage  carbohydrate,  or  how 
much  glycogen,  it  is  impossible  definitely  to  say.  All  I  can  venture 
upon  stating  is  that,  in  the  results  that  follow,  anything  of  account 
beyond  about  2  or  3,  or  possibly  4,  per  1000  may  presumably  be 
regarded  as  due  to  glycogen. 

Under  the  description  of  the  analytical  steps  of  procedure  given  in 
a  former  part  of  this  work,  I  referred  (p.  63)  to  the  fallacy  that  is 
liable  to  be  occasioned  by  the  employment  of  paper  filters,  through 
contamination  of  the  pi'oduct  with  cellulose.  Glass-wool  was  in- 
variably employed  as  a  filter  medium  in  the  analyses  from  which  all 
the  results  that  follow  were  derived. 
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Blood. 

Amongst  a  collection  of  observations  taken  under  a  variety  of  cir- 
cumstances and  conducted  at  various  times,  I  find  over  a  hundred 
■which  may  be  selected  as  representative  of  ordinary  or  natural 
conditions.  In  these  the  average  figures  yielded  for  the  blood  of  the 
general  circulation  stand  at  about  1  per  1000  or  a  little  over,  expressed 
as  glucose,  the  ordinary  limits  being  from  about  0  8  to  1'3. 

As  far  as  the  results  before  me  show,  no  evidence  is  afforded  of 
any  appreciable  influence  being  noticeable  in  the  blood  of  the  general 
circulation  as  the  effect  of  the  ingestion  of  food.  In  the  case,  how- 
ever, of  the  portal  blood,  a  decided  influence  is  perceptible,  which 
presents  itself  in  its  most  pronounced  form  after  the  ingestion  of  starchy 
food.  Under  these  latter  circumstances,  the  figures  met  with  have 
frequently  stood  as  high  as  2  to  2'5  per  1000,  and  in  one  case  they 
reached  2' 7  per  1000.  In  a  series  of  fifty-two  observations  upon 
animals  taken  at  a  period  of  fasting,  after  animal  food,  and  after 
starchy  food,  the  average  figures  for  the  portal  and  the  cardiac  blood 
respectively  stood  as  follows  : — 

Amylose  carboliydrate  per  1000, 
expressed  as  glucose. 

At  a  period  of  fasting — 

Portal  blood   1-13 

Cardiac  blood   1  '12 

After  animal  food — 

Portal  blood   1-35 

Cardiac  blood   1  '08 

After  starchy  food — ■ 

Portal  blood   1-79 

Cardiac  blood  ..o     1  "07 


Sugar  introduced  by  injection  into  the  general  circulation  appears 
to  lead  to  an  increase  of  amylose  carbohydrate  in  the  blood.    In  some 
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experiments  upon  rabbits  where  glucose  from  honey  was  injected 
into  the  jugular  vein,  not  only  was  a  large  amount  of  sugar  afterwards 
found,  as  shown  at  p.  189,  but  also,  in  most  of  the  instances,  an 
unexpectedly  large  quantity  of  amy  lose  carbohydrate.  The  figures 
for  the  latter  stood  as  follows  in  the  several  instances  : — 


Amylose  carbohydrate,  expressed  as  glucose, 
per  1000  of  blood  collected  from  the  heart. 


Eabbits 
killed 
at  once. 

Three  rabbits — 

^  gram  of  glucose  per 
kilo,  of  body-weight 
injected  into  jugular 

vein   2-26 

Five  rabbits — 

1  gram  of  glucose  per 
kilo,  of  body-weight 
injected  into  jugular 

rein   1  '25 

1-25 


Eabbits  Babbits 
killed  killed 
after  i  hour,  after  1  hour. 


2-04 


2-38 


2-20 


1-51 


Kabbit 
killed 
after  li  hours. 


2-02 


In  another  set  of  experiments  on  rabbits,  in  which  1  gram  of 
Ifevulose  per  kilo,  of  body-weight  was  injected  into  the  jugular  vein, 
the  figures  obtained  stood  as  follows : — Killed  at  once,  I'll;  after 

hour,  1'54 ;  after  1  hour,  1-67 ;  and  after  1^  hours,  1'67  per  1000. 


Muscle. 


1  /  right  leg 
^  \leffc  leg., 

2  fright  leg 
'^l.left  leg.. 


Amylose  carbohydrate  per  1000,  expressed  as 
glucose.  • 


External  muscles. 


58  \ 
53  j 
251 
13/ 

67 
14 
34 
23 
95 
67 


Heart. 


Diaphragm. 


U  (foDtal  pups)   11  '37 


1-38 

2-03 

1-67 

1-80 

7-72 

29-59 

1-96 

19-61 

0-42 

0-19 

1  -07 

1  -64 

MUSCLE. 
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Amylose  carbohydrate  per  1000,  expressed  as 
glucose. 

<  '  , 

External  muscles.        Heart.  Diaphragm. 


Horse. — 

1    15  15  7-55 

2    17  17  7-31 

3                                       6-70  6-67 

4                                     5-47  4-50 

5   11-11  2-18 

6   16-33  — 

Bheep. — 

1    2-14  1-13 

2   2-69  1-26 

3   2-19  1-42 

4                                        1-49  2  15 

Tig.— 

1   3-22  1-54 

2   3-26  1-21 

Mahhit. — 

1                                        0-94  0-66 

„  r  fore  leg   0  -81  \ 

^1  hind  leg.'.   1-09/ 

„r  foreleg   0-54"l   

\  hind  leg   0  -54  f 


In  several  observations  upon  muscle  taken  indiscriminately  from 
different  rabbits,  the  fig-ures  obtained  stood  as  follows  : — S'lS — 1-97 — - 
1-37— 1-25— 1-04— 1-00  and  0-67  per  1000. 

Cat. — In  eleven  observations  upon  muscle  taken  indiscriminately, 
the  figures  respectively  obtained  were — 14-G2 — 9-24 — 7*35 — 6'80 — 
6-79— 5-72— 5-93— 3-95— 3-20— 1-49  and  1-35  per  1000. 

Fowl. — One  observation.    Muscle  of  breast,  O'SO  per  1000. 

Grouse. — One  observation.    Muscle  of  breast,  O'SO  per  1000. 

Tortoise. — Two  observations.  Muscle  taken  indiscriminately. 
Figures  given— 12-11  and  28-62  per  1000. 

Frog. — Muscle  obtained  from  two  batches  of  frogs.  Figures  re- 
spectively yielded — 5*40  and  9-68  per  1000. 

Fish. — Seven  observations.  Salmon  0-87 — turbot  1-98 — cod  0-93 — 
eel  0-37— eel  0-36— mackerel  0-33  and  plaice  0-34  per  1000. 
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Amjlose  carbohydrate  per  1000, 
expressed  as  glucose. 


Crustacean. —  Muscle  of  claw.  Muscle  of  tail. 

Lobster  1   4  '13  1-62 

„      2   2-58  1-16 

3    0-37  0-42 

Crab      1   1-77  — 

2     6-15  — 


Pancreas. 

T)og. — Five  observations.  Figures  respectively  yielded — 2'21 — 2'97 
—0-44— 0v5  and  3-20  per  1000. 

Cat. — One  observation.    Figures  given — r47  per  1000. 

Horse. — Five  observations.  Figures  yielded — 4'44 — 5'95 — 5'03 — 
3-H2  and  1-20  per  1000. 

Sheep. — Five  observations.  Figures  yielded — 2'31 — 2"02 — 2' 74 — ■ 
2-15  and  3-54  per  1000. 

Spleen. 

Dog. — Seven  observations.  Figures  respectively  yielded — r04 — 
2  :36— 2-14— 1-67— 0-76— 2-07  and  1-18  per  1000. 

Cat  (spleens  from  a  litter  of  sucking  kittens). — One  observation. 
Figures  yielded— 2-86  per  1000. 

Horse. — Four  observations.  Figures  given — ^2'52 — 3  78 — 2'38  and 
0-62  per  1000. 

Sheep. — Seven  observations.  Figures  given — 4'07 — 3'27 — 2"08 — 
2-77— 0'94— 2-15  and  0-99  per  1000. 

Kidney. 

Dog. — Seven  observations.     Figures  yielded — 1'34 — 1-30 — 0  51 — 

0-  45— 1-02— 1-13  and  0-57  per  1000. 

Cat  (kidnej's  from  a  litter  of  sucking  kittens). — One  observation. 
Figures  yielded — 1'97  per  1000. 

Horse. — Four  observations.    Figures  given — 3"S6 — 1'55— 2'13  and 

1-  54  per  1000. 

Sheep. — One  observation.    Figures  given — 1'25  pei'  1000. 

Brain. 

Dog. — Six  observations.  Figures  given— I'OO — 0  91 — 0*7G — 0'3G — 
0-51  and  104  per  1000. 
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Lungs. 

Dog. — -Two  observations.  Figures  yielded — l'o3  and  (foelal  pups) 
5-02  per  1000. 

Horse. — One  observation.    Figures  yielded — 4'88  per  1000. 

Intestinal  Mucous  Membrane. 

Dog. — Under  fasting.  Two  obsorvafcious.  Figures  given — 3" 70 
and  310  per  1000. 

Under  a  meat  diet.  Three  observations.  Figures  given — 4  03 — 
3-G9  and  3-10  per  1000. 

Eabhit. — At  a  period  of  digestion.  Three  observations.  Figures 
given— 1-73— 2-24  and  2-09  per  lOOO. 

Placenta  and  Fostus. 

Dog. — One  observation  upon  placenta  alone.  Figures  yielded — 1"8.3 
per  1000. 

Babbit. — Four  observations.  Figures  given — placentce,  22'55 — 
associated  foetuses,  3'12— foetuses  of  another  animal,  7'37 — placentas 
and  foetuses  together,  2"51  per  1000. 

Geneeative  Structures  of  Oviparous  Animals. 

Fowl. — Two  observations.  Ovarian  eggs,  4'63,  and  mucous 
membrane  of  oviduct,  ir79  per  1000. 

Cod.— Two  observations.  Ovary  (hard  roe),  4'73,  and  testis  (soft 
roe),  2-20  per  1000. 

Mackerel. — Two  observations.  Ovaiy  (hard  roe),  3'81,  and  testis 
(soft  roe),  3-30  per  1000. 

Lobster. — Three  observations.  Ovary,  8'11 — -ovary,  10"97,  and  ova 
adhering  to  the  tail  belonging  to  the  same  lobster,  8'00  per  1000, 

Grab. — Two  observations.  Ovary  with  ova,  6"70,  and  testis  with 
ducts,  3-70  per  1000. 

I  must  repeat  what  I  before  stated  with  regard  to  the  value  to 
be  attached  to  the  above  figures,  namely,  that  they  must  only  be  taken 
for  what  they  are  really  worth — that  is,  as  giving  a  comparative  re- 
presentation of  the  results  obtained  from  different  components  of  the 
body  by  the  same  process  of  treatment.    Glycogen,  when  present. 
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may  be  taken  as  fully  represented.  The  cleavage  carbohydrate  from 
proteid  matter  is,  I  know,  only  represented  to  the  extent  of  about 
half  the  amount  that  is  obtainable  by  using  10  per  cent,  instead  of 
2  per  cent,  sulphuric  acid  for  conversion  into  sugar,  and  grounds  exist 
for  believing  that  there  is  more  carbohydrate  material  locked  up 
in  proteid  matter  than  is  brought  into  view  by  boiling  with  10  per 
cent,  potash  in  the  first  instance  and  the  employment  of  10  per 
cent,  sulphuric  acid  for  subsequent  conversion. 
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As  the  outcome  of  what  has  preceded,  the  views  which  have  pre- 
vailed since  the  promulgation  of  the  doctrine  giving  to  the  liver  a 
glycogenic  function  must  be  absolutely  abandoned.  The  edifice  has 
been  constructed  upon  a  false  foundation,  and  nothing  short  of  its 
complete  demolition  will  suffice  to  meet  the  requirements  of  physio- 
logical truth. 

A  clearance  of  the  ground  is  necessary  in  order  that  the  new 
material  supplied  by  research  may  unimpededly  be  worked  into 
form  from  a  new  departure,  based  upon  the  sounder  methods  of  ex- 
perimental procedure  placed  at  our  disposal  by  modern  science. 

The  experimental  results  I  brought  forward  upwards  of  thirty 
years  ago,  although  standing  confirmed  by  others,  have  not  had  the 
full  meaning  attached  to  them  that  I  conceive  should  be  given.  For 
my  own  part,  throughout  the  long  series  of  years  mentioned,  I  have 
never  wavered  for  a  moment  with  respect  to  the  interpretation  the 
results  in  question  should  receive. 

Formerly  analytical  knowledge  was  not  sufficiently  advanced  to 
permit  of  what  the  experimentalist  observed  being  put  into  language 
to  secure  the  production  of  the  same  impression  upon  the  mind  as 
would  arise  from  actually  seeing  the  results  of  the  observations 
themselves.  All  this  is  now  changed,  and  quantitative  sugar  deter- 
minations can  be  expressed  with  such  precision  as  even  to  excite 
surprise  at  what  is  attainable.  I  am  constrained,  therefore,  to  think 
that,  in  view  of  the  assemblage  of  facts  presented  in  this  volume, 
the  convictions  which  have  so  irresistibly  taken  possession  of  my  own 
mind  cannot  fail  to  penetrate  into  the  minds  of  others.  The  error 
existing  has,  I  know  full  well,  taken  deep  root  in  the  belief  of 
physiologists,  but  I  have  no  misgiving  that,  sooner  or  later,  it  will 
come  to  be  entirely  eradicated,  and  that  reference  to  animal  glyco- 
genesis,  as  it  is  now  understood,  will  be  expunged,  except  as  a  matter 
of  history,  from  works  on  physiology. 

The  question  is  one  of  great  importance,  standing  as  it  does  at 
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the  foundation  of  tte  connexion  of  the  carbohydrates  with  aliment- 
ation— in  other  words,  of  their  disposal  within  the  system — and  the 
comprehension  of  the  nature  and  origin  of  tlie  wrong  action  standing 
at  the  foundation  of  the  formidable  disease — diabetes  mellitus. 
There  are  two  aspects,  therefore,  presented,  giving  rise  to  a  demand 
of  a  weighty  character  for  exact  knowledge.  By  studying  the 
■question  from  both  aspects — physiological  and  pathological — the 
investigator  is  placed  in  a  more  advantageous  position  for  compassing 
its  elucidation  than  when  the  opportunity  is  afforded  of  studying  it 
from  one  aspect  only. 

The  more  extensive  the  field  of  observation,  the  larger  the  supply 
of  material  upon  which  to  generalise.  It  will  not  be  disputed  that 
the  physician  and  physiologist  combined  has  a  wider  range  of  view 
before  him  than  either  the  one  or  the  other  separately.  The  physio- 
logist works  upon  ground  where  normal  action  is  at  play,  and  seeks 
to  find  out  how  the  carbohydrates  become  naturally  disposed  of.  The 
physician  has  to  deal  with  a  departure  from  normal  action,  taking 
the  form  of  a  failure  of  power  to  properly  dispose  of  carbohydrate 
matter,  and  to  prevent  its  elimination  as  sugar  by  the  kidney. 

It  may,  indeed,  be  truly  said  that  in  the  consideration  of  the 
physiological  question  I  have  derived  immense  advantage  fi'om  my 
experience  in  connexion  with  diabetes.  Closely  watching,  as  I  have 
done  for  years  past,  through  the  quantitative  determination  of  sugar 
in  the  urine,  the  relation  between  the  sagar  eliminated  and  the  food 
ingested,  I  have  been  placed  in  a  position  I  could  not  otherwise  have 
attained.  Without  the  knowledge  thus  supplied,  I  could  not  possibly 
have  expressed  myself  in  the  confident  terms  in  which  I  consider  I 
am  now  able  to  do. 

I  will  now  proceed  in  a  concise  manner  to  review  the  arguments 
springing  from  the  facts  adduced  in  this  work  which  stand  opposed 
to  the  validity  of  the  glycogenic  doctrine.  As  carbohydrate  matter 
must,  however,  of  necessity  be  in  some  way  or  other  disposed  of  in 
the  system,  we  become  confronted  with  the  question  of  the  manner 
in  which  its  disposal  actually  takes  place.  Until  recently,  all  I 
could  assert  was  that  carbohydrate  matter  became  assimilated  or 
placed  in  a  position  to  be  susceptible  of  utilisation  within  the  system, 
instead  of  being  allowed  to  reach  the  general  circulation  as  sugar, 
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and  thence  to  escape  as  waste  material  with  the  urine.  By  the  per- 
severing prosecution  of  research,  however,  I  am  now  placed  in  a 
different  position.  The  key  has  been  supplied  which  enables  me  to 
follow  the  carbohydrates  along  the  path  taken  by  them  in  tbeir  appli- 
cation to  the  purposes  of  life.  Nothing  but  the  disclosures  of  research 
could  have  suggested  to  me  the  solution  that  has  been  presented.  To 
this  matter  T  will  direct  attention  after  the  clearance  of  the  ground 
has  been  effected  from  the  views  that  have  been  hitherto  entertained. 

Reference  to  what  has  been  said  about  the  condition  of  the  liver, 
taken  at  the  moment  of  death  (pp.  133 — 138),  and  that  of  the  various 
other  structures  of  the  body  (pp.  194 — -205),  shows  that  it  is  not  true 
that  the  liver  during  life  is,  as  has  been  alleged,  in  a  more  saccharine 
state  than  other  parts  of  the  system.  Practically  speaking,  the  state 
of  the  liver  under  physiological  conditions  is  not  essentially  different 
from  that  of  the  other  structures  I  have  examined  ;  and  in  the 
case  of  muscle  it  has  to  be  said  that  the  am.ount  of  sugar  present 
may  be  very  considerably  beyond  that  found  in  the  liver  at  the 
moment  of  death.  Sugar,  in  reality,  exists  as  a  normal  constituent  of 
all  the  tissues  and  organs  of  the  body.  The  liver,  indeed,  stands  in 
the  same  position  as  other  structures,  not  only  as  regards  the  amount, 
but  likewise  as  regards  the  nature,  of  the  sugar  present.  In  the  liver 
taken  for  examination,  without  any  precautions  to  prevent  post- 
mortem change,  glucose  is  the  kind  of  sugar  met  with.  The  sugar,  on 
the  other  hand,  that  is  found  in  the  liver  at  the  moment  of  death 
possesses,  as  shown  by  the  analyses  given  (pp.  137 — 138),  a  cupric 
oxide  reducing  power  more  or  less  below  that  of  glucose,  in  accord 
with  what  is  seen  to  be  the  case  in  the  analyses  of  the  other  struc- 
tures of  the  body. 

Thus  one  of  the  main  tenets  of  the  glycogenic  doctrine  is  seen  to 
be  absolutely  untrue,  the  foundation  for  it  arising  from  the  error  of 
taking  the  post-mortem  to  represent  the  ante-mortem  state. 

Reference,  further,  to  the  experimental  results  representing  the 
Estate  of  the  blood  belonging  naturally  to  life  (pp.  110—111  and  p.  101 
et  seq.)  shows  that  the  blood  flowing  from  the  liver  does  not  contain 
more  sugar,  as  it  has  been  asserted  to  do,  than  that  flowing  to  it. 
Sugar  is  present  throughout  the  contents  of  the  circulation,  in  which, 
ill  fact,  it  may  be  considered  to  exist  as  a  constitutional  component,, 
as  in  other  parts  of  the  system.    No  appreciable  difference  is  found 
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(pp.  166 — 171)  in  the  amount  contained  in  arterial  and  venous  blood, 
nor  is  there  less,  as  has  been  alleged,  in  the  blood  of  the  portal  vein 
than  elsewhere  (p.  101  et  seq.  and  pp.  158 — 171).  The  analyses  given 
show  that  even  after  prolonged  fasting  the  portal  blood  contains 
sugar  similarly  to  the  other  parts  of  the  circulation,  and  that  after 
the  ingestion  of  carbohydrate  matter  it  contains  a  great  deal  more. 
Whilst,  speaking  precisely,  the  sugar  present  in  the  blood  of  the 
general  circulation  ranges  in  amount  from  about  0"6  to  about  1  per 
1000,  the  amount  in  the  portal  blood  after  the  ingestion  of  carbo- 
hydrate matter  may  stand  as  high  as  5,  and  upwards  of  this,  per 
1000. 

The  effect  of  what  has  been  said  is  to  show  that  there  is  no 
evidence  of  the  occurrence  of  the  disappearance  of  sugar  from  the 
blood  in  its  transit  through  the  systemic  capillaries,  assumed  under 
the  glycogenic  doctrine  to  take  place ;  and,  correspondingly,  no 
evidence  of  the  transport,  as  a  functional  operation,  of  sugar  from  the 
liver  to  the  systemic  capillaries. 

The  liver,  indeed,  instead  of  actually  throwing  sugar  into,  or 
allowing  it  to  pass  into,  the  general  circulation,  in  reality  checks  the 
progress  of  carbohydrate  matter  onwards.  It  prevents  the  fluctuating 
condition,  as  regards  sugar  belonging  to  the  portal  blood,  from 
travelling  on  and  being  transmitted  to  the  blood  of  the  general 
circulation. 

Through  the  instrumentality  of  the  liver,  then,  the  blood  of  the 
general  circulation  escapes  being  influenced  by  the  ingestion  of 
carbohydrate  matter.  In  the  exercise  of  this  ofiice  of  the  liver,  the 
sugar  from  ingestion  contained  in  the  portal  blood  is  stopped  and 
converted  into  glycogen.  Thus  much  is  admitted  by  all,  but  it  is 
generally  thought  that  the  glycogen  becomes  subsequently  recon- 
verted into  sugar  to  be  transmitted  on,  seiwing  only  as  a  convenient 
form  of  storage  carbohydrate  material.  This  implies  that  the  sugar 
of  ingestion  after  all  reaches  the  general  circulation,  and  it  is  con- 
tended that  the  object  of  conversion  into  glycogen  is  merely  for  the 
sake  of  temporary  storage — in  other  words,  that  at  the  time  of  active 
absorption  the  carbohydrate  matter  is  detained,  to  be  given  out  slowly 
afterwards.  Let  us  see  how  this  argument  stands  the  test  of 
criticism. 

Concisely  stated,  it  is  asserted  that  when  sugar  from  ingestion  is 
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passing  in  the  portal  blood  to  the  liver  it  becomes,  to  a.  greater  or  less 
f        extent,  temporarily  stopped,  to  be  given  back  into  the  circulation 
when  the  entry  from  ingestion  is  not  taking  place. 

In  discussing  the  point  I  will,  in  the  first  place,  direct  attention  to 
circumstances  existing  in  the  case  of  the  rabbit.  In  this  animal  the 
stomach  never  becomes  empty,  as  it  does  in  animals  generally. 
Digestion  is  constantly  proceeding,  and,  even  after  the  lapse  of 
twenty-four  hours  from  the  ingestion  of  food,  it  is  found  that  the 
portal  blood  gives  evidence  of  the  presence  of  absorbed  sugar  by 
containing  more  {vide  p.  10.3)  than  naturally  exists  in  the  blood  of 
the  general  circulation.  Assuming,  as  may  fairly  be  done,  that  the 
rabbit  does  not  ordinarily  pass  longer  than  twenty-four  hours  with- 
out taking  food,  it  follows  that  there  will  always  exist  in  the  portal 
blood  more  sugar  than  in  that  of  the  general  circulation.  This  is 
tantamount  to  saying  that  under  ordinarily  prevailing  circumstances 
there  is  always  a  state  existing  calling  for  the  exercise  of  a  stoppage 
action,  which  is  not  reconcilable  with  stoppage  for  temporary  storage, 
but,  on  the  contrary,  must  involve  arrest  for  application  in  some 
other  way. 

From  the  condition  of  the  urine  looked  at  in  relation  to  different 
kinds  of  alimentation,  which  I  will  in  the  next  place  consider,  we 
obtain  a  strong  point  of  evidence  touching  not  only  the  limited  ques- 
tion of  temporary  storage  but  the  whole  question  of  tenability  of  the 
glycogenic  doctrine. 

Healthy  urine  contains  (p.  178)  a  certain  amount  of  sugar.  The 
amount  is  in  proportion  to  that  existing  in  the  blood  of  the  general 
circulation  (p.  187).  The  blood  and  the  urine,  indeed,  stand 
throughout  in  accord  with  each  other  as  regards  sugar.  When  sugar 
is  present  to  a  larger  extent  than  usual  in  the  contents  of  the  general 
circulation  it  correspondingly  shows  itself  in  the  urine.  Thus  the 
condition  of  the  urine  in  relation  to  sugar  moves  with,  and  in  fact 
serves  as  an  index  of,  that  of  the  blood.  Through  the  uiino,  there- 
fore, knowledge  is  supplied  concerning  the  quantity  of  sugar  that  is 
permitted  to  reach  the  general  circulation. 

Now,  with  the  animal  feeder,  in  which  the  ingestion  of  only  a 
limited  amount  of  carbohydrate  occurs  (and  even  it  may  be  said,  in 
the  fasting  animal  where  no  ingestion  is  occurring)  the  urine  stands 
in  the  same  position  with  respect  to  sugar  as  that  of  the  vegetable 

Q 


226 


author's  conclusions. 


feeder,  whose  food  contains  a  large  amount  of  carbohydrate  matter. 
The  blood  of  the  general  circulation,  in  conformity  with  what  has 
previously  been  said,  likewise  corresponds  in  the  two  cases.  With 
the  ingestion  of  the  limited  amount  of  carbohydrate,  the  blood  and  the 
urine  contain  a  certain  amount  of  sugar.  With  the  ingestion  of  an 
amount  incomparably  greater,  the  same  state  of  things  is  still 
encountered.  Both  the  blood  of  the  general  circulation  and  the 
urine  remain  uninfluenced  by  the  ingestion  of  carbohydrate  matter, 
so  long  as  it  does  not  exceed  ordinary  limits.  But  stoppage  from 
entry  into  the  circulation,  through  storage  by  the  liver,  cannot  be 
iudeQnitely  carried  on,  and,  taking  into  account  a  lengthened  period 
of  time,  it  is  obvious  thait,  if  ingested  cai-bohydrate  were  in  reality 
transported  as  sugar  to  the  systemic  capillaries,  its  transit  in  the  case 
where  there  has  been  free  ingestion  must  proportionately  add  to  that 
existing  where  the  ingestion  has  only  been  limited  in  amount. 
Sooner  or  later  the  extra  amount  must  pass  through  the  circula+^ion, 
and  where  from  day  to  day  the  quantity  to  pass  is  ten,  twenty,  or 
thirty  fold  greater  than  under  an  animal  diet,  the  addition  must 
present  a  source  for  the  kidney  to  draw  upon  and  thereby  lead  to  a 
proportionate  presence  of  sugar  in  the  urine. 

With  the  limited  ingestion  associated  with  animal  food,  the  urine 
contains,  as  has  been  said,  a  certain  amount  of  sugar.  Any  addi- 
tional carbohydrate  ingested  should  have  the  effect  of  augmenting 
this  sugar,  and  of  doing  so  in  proportion  to  its  extent.  It  is  not, 
however,  in  reality  found  that  under  ordinary  circumstances  the 
urine  gives  evidence  of  being  influenced  by  carbohydrate  food. 
Hence,  for  compatibility,  we  have  to  say  that  the  passage  of  any 
quantity  of  sugar  into  the  circulation  from  carbohydi-ate  matter 
ingested  within  ordinary  limits  goes  for  nothing  as  regards  effect 
upon  the  vu'ine,  whilst  influence  is  exerted  by  the  known  small 
amount  of  sugar  existing  in  the  blood  in  association  with  an  animal 
diet  and  even  with  an  absence  of  food. 

The  liver,  in  fact,  instead  of  doing  what  is  claimed  for  it  under  the 
glycogenic  doctrine,  does  exactly  the  reverse.  It  neither  forms  sugar 
to  be  discharged  into  the  general  circulation  and  conveyed  to  the 
tissues,  nor  temporarily  stores  up  carbohydrate  matter  from  ingestion 
to  be  subsequently  allowed  as  such  to  pass  on.  On  the  contrary,  it 
keeps  the  general  circulation  free  from  the  sugar  that  would  otherwise 
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enter  and  show  itself  in  the  urine.    Its  office  is  an  arresting  one  in 
(  relation  to  carbohydrate  matter,  and  if  it  were  not  for  the  exercise  of 

this  office  we  should  all  be  in  the  same  position  as  the  diabetic.  Ifc 
furnishes  a  line  of  defence  against  the  passage  of  carbohydrate  in  a 
free  state  into  the  circulation,  and  thus  prevents  the  sugar,  derived 
from  alimentary  absorption,  which  is  contained  in  the  portal  blood, 
from  proceeding  further.  In  proportion  as  the  line  of  defence  is 
ineffectual,  sugar  will  reach  the  general  circulation  and  then  the 
urine. 

As  an  outcome,  the  difference  between  health  and  diabetes  may  be 
expressed  in  the  following  terms  : — 

In  health  the  capacity  exists  of  stopping  the  onward  progress  into 
the  general  circulation  of  the  sugar  derived  from  ingested  carbo- 
hydrate matter,  when  the  ingestion  stands  within  ordinary  limits. 
When  the  ingestion  exceeds  ordinary  limits  the  capacity  of  arrest, 
which  is  not  unbounded,  may  not  be  equal  to  effecting  a  complete 
stoppage.  A  portion  may  in  this  way  reach  the  general  circulation, 
and,  in  proportion  as  it  does  so,  will  appear  in  the  urine.  Hence  the 
explanation  of  the  saccharine  urine  found  to  occur  (p.  116)  as  an 
accompaniment  of  excessive  feeding  with  sugar.  In  further  illustra- 
tion, I  may  mention  that  the  highest  figures  I  have  obtained  for  the 
sugar  in  normal  blood  have  been  with  I'abbits  which  had  been  highly 
fed  with  oats.  In  accord,  the  urine  in  these  instances  has  given 
evidence  through  the  ammoniated  cupric  test  of  containing  a  lai-ger 
amount  of  sugar  than  is  ordinarily  met  with  in  healthy  urine. 

In  diabetes,  on  the  other  hand,  carbohydrate  matter  is  not  pro- 
perly stopped  and  disposed  of,  but  is  permitted,  instead,  to  reach 
the  general  circulation  in  the  form  of  sugar.  The  faulty  state 
presents  itself  in  all  stages  of  advance.  Every  grade  of  diversity 
exists  between  the  healthy  state  and  the  state  belonging  to  the 
severest  form  of  diabetes.  In  some  instances  the  capacity  of  stop- 
page is  only  just  below  the  normal.  In  these  it  is  only  when  carbo- 
hydrate matter  is  rather  freely  ingested  that  saccharine  urine  is 
encountered.  In  others  more  and  more  impairment  of  the  power  to 
check  transmission  into  the  general  circulation  exists,  and  in  corre- 
spondence less  and  less  carbohydrate  matter  can  be  ingested  without 
appearing  in  the  urine. 

One  point  is  linked  with  another,  and  my  experience  of  diabetes 
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counts  largely  as  a  help  towards  enabling  me  to  speak  witli  the  pre- 
cision and  confidence  I  am  doing.  Besides  a  large  number  of  cases 
seen  in  the  course  of  uiy  many  years'  hospital  practice  and  in  private 
consultations  outside  my  house,  I  have,  extending  up  to  the  moment 
at  which  I  am  writing,  a  record  in  my  case-books  of  2,642  cases  seen 
at  home,  in  all  of  which  I  have  closely  watched,  under  the  most 
vaa"ied  circumstances  and  through  the  quantitative  examination  of 
the  urine,  the  elimination  of  sugar  in  relation  to  the  food  ingested. 

Now,  the  teachings  of  this  experience  point  unequivocally  to  its 
being  contrary  to  the  physiological  order  of  events  for  ingested 
carbohydrate  to  reach  the  general  circulation  in  a  free  state  to  be 
transmitted  to  the  systemic  capillaries  for  destruction  in  some,  it 
must  be  said,  unknown  way.  No  other  conclusion,  I  hold,  is  permis- 
sible, and  I  have  no  misgiving  that  sooner  or  later  this  view  will 
meet  with  general  acceptance.  In  fact,  it  is  through  the  occurrence 
of  what  the  glycogenic  doctrine  implies  that  diabetes  is  caused,  and 
the  symptoms  of  the  disease  are  due  to  sugar  being  allowed  to  reach 
the  general  circulation.  In  proportion  as  it  does  so,  a  deviation  from 
the  natural  state  is  created  by  the  sugar  of  the  blood  being  raised 
from  its  normal  standard  proportion. 

The  effect  of  dietetic  treatment  in  diabetes  stands  in  strict  harmony 
with  the  view  adopted.  As  I  have  already  said,  the  disease  essenti- 
ally consists  of  a  loss,  or  of  more  or  less  impairment,  of  the  power 
which  naturally  disposes  of  ingested  cai'bohydrate  matter,  and  pre- 
vents its  reaching  the  general  circulation  in  the  form  of  free  sugar. 
Of  the  nature  and  effect  of  this  power  I  shall  speak  later  on. 

Through  the  defective  power  existing  in  diabetes,  sugar  finds  its 
way  into  the  blood  of  the  general  system,  and,  in  proportion  as  it 
does  so,  places  it  in  an  unnatui-al  state,  the  effect  of  which  is  to  inter- 
fere with  the  performance  of  nutritive  action,  and  of  the  processes  of 
life  generally  in  a  healthy  manner.  From  the  position  held  by  the 
blood,  it  is  only  in  accord  with  what  may  reasonably  be  expected  that 
with  an  altered  constitution  it  should,  in  proportion  to  the  extent  of 
alteration,  carry  disturbance  evei-ywhere. 

The  deviation  from  the  natural  state,  induced  by  ingested  carbo- 
hydrate matter  being  permitted  to  reach  the  general  circulation,  to 
which  the  various  troubles  belonging  to  diabetes,  it  must  be  con- 
sidered, are  attri'jutable,  depends  as  regards  degree,  in  the  first 
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place,  npon  the  extent  to  which  the  impairment  of  the  power  of  stop- 
page exists,  and,  in  the  next,  upon  the  amount  of  carbohydrate 
ingested.  The  one  is  at  the  root  of  the  disease,  and  if  it  could  be 
rectified  all  would  immediately  be  set  right.  The  other  is  under  our 
control,  and  by  proper  regulation  of  the  diet  much  may  be  done  to- 
wards ameliorating  the  condition  existing.  It  must  be  remembered 
that  animal  as  well  as  vegetable  food  contains  a  certain  amount  of 
free  carbohydrate;  and,  as  I  have  shown  in  this  work,  sugar  is  set 
free  by  digestion  as  a  cleavage  product  fi^om  proteid  matter.  There- 
fore, in  all  food  a  supply  of  carbohydrate  matter  is  given  from 
without.  This,  in  part,  accounts  for  the  sugar  encountered  in  severe 
cases  where  sugar  is  passed,  notwithstanding  restriction  to  a  purely 
animal  diet. 

I  have  said  "  in  part  "  accounts  for  the  sugar  encountered  ;  for,  in 
severe  cases,  there  must  be  something  further  to  be  dealt  with,  seeing 
that  sugar  is  even  passed  apart  from  the  influence  of  food.  There 
can  be  no  doubt  that  sugar  is  susceptible  of  being  derived  from  the 
tissues,  and,  looking  at  what  I  have  been  led  to  propound  with  regard 
to  the  glucoside  constitution  of  proteid  matter,  there  is  nothing  unin- 
telligible about  it.  On  the  contrary,  in  view  of  all  the  circum- 
stances, it  is  a  reasonable  supposition  that  in  connexion  with  the 
altered  state  of  things  existing,  a  ferment  becomes  present  endowed 
with  the  power  of  wrongly  splitting  up  the  glucoside  proteids  of  the 
body  in  the  same  manner  as,  for  instance,  amygdalin  is  split  up  by 
emulsin. 

There  is,  then,  a  class  of  case  in  which  the  fault  consists  only  of 
a  loss,  or,  it  may  be,  varying  degrees  of  impairment,  of  the  power  of 
disposing  of  ingested  carbohydrate  matter  in  such  a  manner  as  to 
prevent  its  reaching  the  general  circulation ;  and  another,  in  which, 
in  addition  to  this,  a  condition  within  exists  attended  with  the 
splitting  up,  with  sugar  as  a  cleavage  product,  of  the  proteids  of  the 
body.  The  former  is  completely  controllable  by  dietetic  manage- 
ment, the  latter  only  so  to  a  partial  extent. 

Most  cases,  I  will  not  go  so  far  as  to  say  all,  are  in  the  incipient 
state  controllable,  with  respect  to  the  elimination  of  sugar,  by  diet. 
In  young  subjects  it  is  usual  to  find  that  the  condition  is  observed  to 
remain  only  temporarily  controllable.  An  insidious  "  something  " 
advances,  carrying  the  case  on  into  a  more  and  moi'e  pronounced 
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state  of  development.  In  subjects  of  more  mature  years,  on  the  other 
hand,  if  the  morbid  tendency  is  not  encouraged  by  allowing  the  un- 
natural condition,  arising  from  the  continued  pervasion  of  the  system 
with  sugar  derived  from  defectively  disposed  of  ingested  carbo- 
hydrate, to  exist,  it  is  usually  observable  that  the  case  may  be  kept 
indefinitely  controllable.  I  may,  even,  go  further  and  say  that,  under 
strict  and  persevering  attention  to  dietetic  management,  conjoined 
with  a  certain  form  of  drug  treatment  which  I  believe  affords 
material  help,  experience  shows  that  a  tendency  to  restoration  is 
promoted ;  and  that,  as  a  result,  whilst  at  first  no  starchy  or  sacchar- 
ine food  could  be  taken  without  giving  rise  to  the  elimination  of 
sugar,  in  the  course  of  time  more  and  more  power  of  properly  dis- 
posing of  carbohydrate  matter  is  acquired,  leading  to  the  toleration 
of  more  and  more  carbohydrate  matter  in  the  food  without  giving 
rise  to  saccharine  urine  until,  it  may  be,  the  capacity  for  the  resump- 
tion of  an  ordinary  diet  is  re-established. 

It  may  be  safely  accepted  that  the  point  to  be  attained  for  pro- 
moting  the  restoration  of  the  power  of  properly  disposing  of  carbo- 
hydrate matter  is  to  establish  and  maintain  as  close  an  approximation 
as  possible  to  the  natural  state  as  regards  the  blood,  and  thereby  the 
system  throughout,  in  relation  to  the  presence  of  sugar.  On  bringing 
the  position  to  a  norma!  one  in  this  respect,  all  the  symptoms  of  the 
disease  at  once  disappear,  whilst  previously  it  may  have  been  noticed 
that  they  were  more  or  less  speedily  growing. 

I  have  seen  it  asserted,  under  the  erroneous  notion  of  there  being  a 
functional  transport  of  sugar  to  the  systemic  capillaries,  that  carbo- 
hydrate articles  of  food  ought  not  to  be  totally  withheld  even  although 
a  considerable  voidance  of  sugar  may  be  occurring.  This  is  equivalent 
to  saying  that  a  deviation  from  the  normal  state  as  regards  the  blood 
and  the  system  throughout  is  to  be  disregarded.  Moreover,  even 
if  the  premises  were  sound,  the  ai-gument  is  illogical,  as  the  voidance 
of  sugar  alfords  proof  that  already  the  blood  is  surcharged  with  sugar 
which  is  running  off  as  waste  material.  To  add  more  through  the 
medium  of  the  diet  would  be  simply  to  increase  the  surplus  existing. 
It  is  true,  through  failure  of  appetite  and  inability  to  take  sufficient 
food  under  restriction  to  the  list  of  appropriate  articles,  reasonable 
grounds  for  relaxing  the  diet  may  arise,  but  this  is  a  totally  different 
matter. 
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Restriction  from  carbohydrate  food  should  not  be  carried  further 
than  experience  shows  to  be  necessary,  iu  the  particular  case  under 
consideration,  to  maintain  a  normal  state  of  urine.  The  amount  of 
carbohydrate  matter  that  can  be  taken  without  leading  to  the  void- 
ance  of  sugar  presents  considerable  variation  in  different  cases,  and 
it  happens  that  if  what  can  be  utilised  is  not  supplied,  a  loss  of  body- 
weight  and  failure  of  strength  ensue.  Often  the  complaint  sets  in 
with  only  a  slight  diminution  of  the  natural  assimilative  power, 
presenting  itself  under  the  form  of  what  is  spoken  of  as  glycosuria. 
Under  such  circumstances  only  a  moderate  restriction  of  diet  is 
needed  to  meet  what  is  wanted.  If  more  be  enforced,  loss  of  weight 
will  probably  follow  and  the  appearance  be  given  that  the  treatment 
is  inflicting  harm.  By  extending  the  liberty  to  that  which  the  state 
of  the  urine  shows  may  be  done  without  over-stepping  the  range  of 
toleration,  immediate  improvement  will  occur.  Such,  in  everj  case, 
should  constitute  the  principle  of  action  to  be  adopted. 

It  may  happen  that  restriction  in  diet  is  needed  to  be  enforced, 
to  the  full  extent  at  the  commencement  of  treatment,  and  not  so 
later  on.  An  interesting  sequence  is  noticeable  in  these  cases. 
The  patient,  it  may  be,  has  been  the  subject  of  diabetes  for  some 
time  without  knowing  from  what  he  was  suffeinng.  The  nature  of 
his  malady  becomes  discovered,  and  he  is  placed,  as  a  part  of  the 
treatment  adopted,  on  the  restricted  diet.  He  had  been  hitherto 
steadily  losing  ground,  but  now  his  symptoms  disappear  ;  he  gains 
in  weight,  and,  altogether,  in  the  course  of  a  short  time  he  becomes 
restored  to  a  greatly-improved  condition.  The  treatment  has  at  once 
produced  a  marked  effect  upon  the  urine,  but  perhaps  a  little  time 
has  been  required  to  get  it  entirely  free  from  sugar.  It  remains  now 
constantly  free,  and  the  patient  continues  to  improve  in  health  and 
strength.  After  a  while  it  may  happen  to  be  noticed  that  a  change 
begins  to  set  in.  Notwithstanding  that  the  urine  continues  free  from 
sugar,  the  treatment,  which  before  produced  improvement,  is  now 
attended  with  a  retrogression  in  weight,  and  naturally  the  patient's 
mind  becomes  disturbed  from  apprehension  of  a  return  of  his 
disease. 

Instead,  however,  of  ground  for  concern  existing,  my  experience 
informs  me  that  the  loss  of  weight  under  the  circumstances  men- 
tioned is  to  be  taken  as  an  indication  of  restoration,  to  a  greater  oj" 
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less  extent,  of  the  power  of  properly  disposing  of  carbohydrate 
njatter.  The  power  existing,  and  the  opportunity  not  being  given 
for  its  exercise,  the  want  appears  to  be  felt  by  the  system.  At  all 
events,  in  thesp  cases  I  have  confidence  in  concluding  that  on  trying 
a  little  starchy  food  (best,  1  consider,  in  the  form  of  ordinary  bread, 
as  the  loss  of  this  may  be  regarded  as  constituting  the  greatest 
privation)  it  will  be  found  not  to  give  rise  to  the  appearance  of  sugar 
in  the  urine.  On  this  proving  to  be  the  case,  the  amount  should  be 
guardedly  and  gradually  increased,  short  of  leading  to  a  return  of 
sugar.  The  result  noticeable  will  be  a  speedy  recovery  and  sub- 
sequent maintenance  of  weight. 

Remarkable,  but  nevertheless  correct,  to  state,  in  cases  where  a 
loss  of  weight  does  not,  under  corresponding  circumstances,  super- 
vene, my  experience  justifies  the  inference  that  the  power  of  utilising 
carbohydrate  matter  has  not  become  raised,  and  that,  consequently, 
the  ingestion  of  starchy  food  will  be  followed  by  the  appearance  of 
sugar  in  the  urine.  Thus,  when  the  power  of  making  use  of  starchy 
food  has  been  i-estored,  and  starchy  food  is  not  given,  a  loss  of  body- 
weight  is  observed,  whilst  such  is  not  noticeable  where  a  restoration 
of  power  has  not  occurred.  Information  is  here  supplied  which  in 
practice  I  turn  to  account  as  a  guide  in  the  details  of  dietetic 
management.  Every  case  requires  to  be  dealt  with  upon  its  own 
merits,  and  for  successful  treatment  a  rational  and  intelligent  plan  of 
procedure,  founded  upon  a  precise  knowledge  of  the  condition  of  the 
urine,  must  be  adopted. 

The  only  point  remaining  for  consideration  is  the  manner  in  which 
carbohydrate  matter  becomes  disposed  of  in  the  system.  This  really 
is  the  most  important  point  of  all  in  connection  with  our  subject,  as 
it  deals  with  the  purposes  to  which  the  carbohydrates  are  applied  in 
the  economy  ot  life. 

The  glycogenic  doctrine  throws  no  light  upon  this  matter.  It 
falls  short  of  reaching  the  point.  It  assumes  that  cai'bohydrate 
matter  is  thrown  into  the  general  circulation  in  the  form  of  sugar 
for  functional  transport  to  the  systemic  capillaries,  but  it  fails  to 
proceed  further,  and  to  show  in  what  manner  the  sugar  is  disposed 
of.  It  simply  leads  into  darkness,  and  nothing  but  fruitless  eifort.s 
have  been  ni;ule  to  obtain  light  ii\  the  direction  looked  for.  This 
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is  not,  it  may  be  said,  to  be  wondered  at,  seeing  that  there  is  not 
the  functional  transport  that  has  been  assumed  to  occur ;  and  that 
the  facts  before  us  show  that  we  mast  seek  for  the  disposal  of  carbo- 
hydrate matter  before  the  opportunity  is  afforded  of  its  reaching 
the  general  circulation.  To  attempt  to  discover  the  manner  of  dis- 
posal in  a  situation  that  the  sugar  does  not  naturally  reach  is  not 
likely  to  be  attended  with  any  satisfactory  issue,  and  those  who  con- 
tinue to  prosecute  enquiry  upon  such  a  foundation  can  scarcely  fail  to 
be  left  endlessly  groping  in  the  dark. 

There  is  no  living  matter  without  proteid,  and  probably  even  the 
broader  statement  may  be  made,  that  there  is  no  living  matter  with- 
out proteid,  carbohydrate,  fat,  and  certain  mineral  constituents. 
Carbohydrate  matter  may  thus  presumably  be  looked  upon  as  univer- 
sally diffused  through  the  living  kingdom  of  nature  ;  and,  so  cir- 
cumstanced, it  must  have  a  comprehensive  part  to  play  in  the 
economy  of  life.  In  speaking  of  the  manner  in  wliich  it  becomes 
disposed  of  in  the  animal  system,  it  seems  to  me  that  this  considera- 
tion should  be  held  prominently  in  view. 

If  we  look  around  and  give  attention  to  what  is  happening,  it  is 
observable  that  certain  changes  are  wrought  upon  carbohydrate 
matter  by  the  agency  of  living  protoplasm.  By  virtue  of  the  power 
with  which  living  protoplasm  is  endowed,  carbohydrate  matter  located 
within  its  sphere  of  influence  is  noticed,  it  may  be  said,  to  undergo: — • 

1.  Transmutation  ; 

2.  Application  to  the  production  of  proteid ;  and 

3.  Transformation  into  fat. 

The  capacity  for  producing  these  effects  may  be  regarded  as  con- 
stituting a  common  property  appertaining  to  protoplasm  in  an  active 
state,  quite  irrespective  of  which  of  our  conventional  divisions  of 
living  nature  the  protoplasm  belongs  to.  Universality  of  action  is 
traceable  without  distinction  in  the  animal  and  vegetable  kingdoms. 

I  will  proceed  to  speak  in  detail  of  the  disposal  of  carbohydrate 
matter  by  protoplasmic  action  under  the  respective  heads  enumerated 
above.  From  what  has  to  be  said  upon  the  subject,  I  think  it  will 
be  seen  that  we  need  not  seek  further  for  the  explanation  that  is 
wanted  to  place  the  matter  in  a  clear  and  intelligible  light.  Not 
only  do  we  find  that  an  adequate  explanation  is  presented  to  account 
for  the  disposal  of  carbohydrate  within  the  system,  but  that  the  seat 
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of  dispnsal  is  located  just  where  it  properly  should  be,  in  order  to 
permit  of  escape  from  the  production  of  a  diabetic  state — that  is, 
before  the  entrance  to  the  general  circulation  is  reached. 

1.- — Transmutation. 

The  transmutation  of  carbohydrate  matter  was  dealt  with  at  some 
length  in  an  early  part  of  this  work  (p.  18,  et  seq.),  and  it  was  seen 
that,  whilst  ferments  and  chemical  agents  transmute  by  increase  of 
hydration — carrying,  for  instance,  the  principles  of  tlie  amjlose  into 
the  saccharose  and  glucose  groups — the  effect  of  the  influence  exerted 
by  living  matter  is  to  reduce  from  the  higher  to  the  lower  states  of 
hydration.  For  example,  the  sugar  contained  in  the  sap  of  the  plant 
is  observed  to  be  transmuted  into  cellulose,  which  constitutes  a  fabric 
material  of  the  organism,  and  into  starch,  inulin,  &c.,  which  serve  as 
storage  materials,  and,  in  reality,  contribute  in  the  end  to  fabric 
construction. 

Through  transmutation,  carbohydrate  matter  meets  with  its  chief 
application  in  the  vegetable  kingdom,  the  cellulose  from  which  the 
fabric  of  the  plant  is  constructed  constituting  an  ultimate  product. 
I  do  not  know  whether  it  is  to  the  full  extent  realised  that  the 
storage  carbohydrate  of  the  seed,  tuber,  &c.,  passes  in  reality  to  the 
same  destination  and  that  the  process  of  storage  only  represents  a 
temporary  halt  on  the  way.  By  protoplasmic  action  certainly,  and 
probably  by  incorporation  with  nitrogenous  matter  into  proteid  and 
transit  through  protoplasm,  the  sugar  of  the  sap  becomes  transmuted, 
apparently  in  each  case  in  a  similar  manner,  into  fabric  and  storage 
material.  The  storage  carbohydrate,  when  exposed  to  conditions  to 
lead  oa  to  its  application,  becomes  first  of  all  hjdrolysed  by  ferment 
action.  Thus  reconverted  into  sugar,  it  again  stands  in  the  position 
it  held  in  the  sap  from  which  it  was  taken  for  storage  deposition  ; 
and  now  by  the  exercise  of  protoplasmic  action  in  the  developing 
organism  it  is  carried  as  a  final  step  into  cellulose,  for  it  is  from  the 
starch  of  the  seed,  &c.,  that  the  cellulose  of  the  growing  structure  is 
derived. 

In  the  animal  kingdom  evidence  is  adducible  of  the  occurrence  of 
transmutation  in  an  analogous  manner  to  what  is  observable  in  the 
vegetable  kingdom.     Tiansmutation,  however,  does  not  here  to  a 


PROTOPLASMIC  TRANSMUTATION  OF  CAKBGHYDRATE.  235 


like  extent  lead  on  to  application  to  texture  construction  ;  indeed,  it 
is  only  to  quite  an  insignificant  extent  that  it  does  so.  An  example 
is  forthcoming  in  the  deposition  of  cellulose  as  a  texture  basis  of  the 
test  or  outer  investment  of  the  tunicata. 

Transmutation,  however,  comes  somewhat  largely  into  operation  in 
reducing  sngar  to  the  state  of  a  carbohydrate  of  lower  hydration  for 
storage  purposes.  Glycogen  is  the  form  of  carbohydrate  into  which 
the  sugar  is  in  the  animal  transmuted,  and  it  is  interesting  to  notice 
that  in  the  tribe  of  organisms  of  the  vegetable  kingdom,  which 
are  wanting  in  some  of  the  attributes  of  plants,  and  present  excep- 
tional analogies  to  the  animal,  namely,  the  fungi,  the  storage  carbo- 
hydrate exists  under  the  form  of  glycogen  and  not  of  starch. 

A  notable  illustration  in  the  animal  kingdom  of  transmutation 
by  reduced  hydration  for  storage  is  supplied  by  what  occurs  within 
the  liver.  The  sugar  contained  in  the  portal  system,  taking  origin 
from  the  carbohydrate  matter  ingested,  is  stopped  by  the  cells  of  Ihe 
organ  and  transformed  into  glycogen.  By  transmutation  into 
glycogen  the  carbohydrate  is  checked  in  its  onward  progress  to  the 
general  circulation,  and  subsequently,  it  may  be  reasonably  assumed 
from  all  the  knowledge  at  our  disposal,  meets  with  application 
through  one  or  both  of  the  other  methods  of  disposal  of  carbohydrate 
matter  by  the  agency  of  living  protoplasm. 

It  is  interesting  to  note  that  in  tracing  the  sequence  of  events 
occui'ring  in  the  animal  system  in  connection  with  ingested  starch, 
we  have  the  same  train  of  phenomena  to  deal  with  as  in  the  growing 
seed.  The  starch  is  first  transmuted  by  ferment  action — by  diastase 
in  the  one  case  and  the  amylolytic  ferments  of  the  digestive  secre- 
tions in  the  other — into  sugar,  a  body  susceptible  of  diffusion  and  of 
transport  in  solution.  By  the  portal  system  the  sugar  is  conveyed  to 
the  liver  and  brought  within  the  sphere  of  influence  of  its  cell-proto- 
plasm. Here  transmutation  of  the  opposite  kind  to  that  before 
occurring  takes  place,  with  the  production  of  glycogen.  By  diffusion 
the  sugar  taking  origin  from  the  starch  in  the  growing  seed  arrives 
within  the  reach  of  the  power  belonging  to  the  living  protoplasm 
of  the  embryo,  and,  as  in  the  case  of  the  liver,  transmutation  in  the 
direction  of  diminished  hydration  occurs,  resulting  here  in  the  pro- 
duction of  cellulose.  The  same  train  of  phenomena  may  be  traced  as 
constituting  a  part  of  the  life-history  of   the    plant  itself.  The 
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primordial  starch  produced  by  the  chlorophyll  corpuscles  in  the  leaf 
reaches  the  sap  as  sugar,  which  on  arriving  at  seats  of  protoplasmic 
activity  is  transmuted  down  in  hydration  to  fabric  and  storage  carbo- 
hydrate. The  sap  of  the  plant,  looked  at  from  the  point  of  vievF  in- 
dicated, stands,  it  will  be  observed,  in  an  analogous  position  to  the 
contents  of  the  portal  system  of  the  animal. 

I  have  referred  to  tbe  protoplasmic  transmutation  of  sugar  into 
glycogen  in  the  liver.  But  the  transmutative  power  by  no  means 
exclusively  belongs  to  the  liver — indeed,  I  am  disposed  to  think  that 
it  exists  as  a  general  property  of  the  protoplasmic  matter  of  the 
body.  Certainly,  glycogen  is  recognisable,  and  even  it  may  be 
largely  so,  in  other  parts  of  the  body,  and  it  is  probably  produced  at 
its  seat  of  presence.  Every  part  of  the  body  contains  sugar  in- 
trinsically belonging  to  it,  which  may  come  from  the  cleavage  of  the 
proteid  matter  around.  The  glycogen  may  be  derived  from  this 
sugar,  or  may  possibly  constitute  a  product  of  the  cleavage  process. 
In  the  multifarious  actions  occurring  in  a  living  part  there  is,  doubt- 
less, much  complexity  of  result  arising  from  the  antagonistic  efEects 
of  ferment  and  protoplasmic  actions. 

Further  evidence  is  afEorded  through  the  kind  of  sugar  found  in 
the  urine  after  the  direct  introduction  of  glucose  into  the  system  of 
the  carbohydrate-transmuting  power  of  living  matter  in  the  direc- 
tion of  a  diminution  of  hydration,  taken  as  represented  by  a  diminished 
cupric  oxide  reducing  capacity. 

At  p.  189  I  gave  a  description  of  experiments  in  which  glucose, 
derived  from  honey  and  proved  by  examination  to  have  the  same 
cupric  oxide  reducing  power  before  and  after  sulphuric  acid,  was 
injected  into  the  jugular  vein.  In  two  out  of  the  three  instances  in 
which  urine  was  procurable  the  sugar  eliminated  was  found  to  be  in 
a  state  considerably  removed  from  glucose,  the  initial  cupric  oxide 
reducing  power  belonging  to  it  being  considerably  less  than  that 
shown  to  exist  after  treatment  with  sulphuric  acid.  The  results  of 
other  experiments  were  also  given,  conducted  with  lajvulose  derived 
from  the  recently  introduced  trade  article.  Here,  however,  the 
destructive  action  exerted  upon  the  sugar  by  boiling  with  sulphuric 
acid,  in  accordance  with  the  known  effect  upon  la?vulose,  was  such  as 
to  lead  to  considerably  lower  figures  being  obtained  after  thitn  before 
treatment  with  the  acid.     From  this  counteracting  circumstance  no 
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opportunity  was  given  of  ascertaining  whether  in  reality  any  dimi- 
nution of  cupric  oxide  reducing  power  occurred. 

It  would  hardly  have  been  surmised  that  such  results  would  have 
been  yielded.  They  agree,  however,  with  the  general  tenor  of  ex- 
perience set  forth  in  this  work  which  is  to  the  effect  that  by  the 
agency  of  living  matter  the  carbohydrates  are  moved  within  the 
system  in  the  direction  of  lessened  cupric  oxide  reducing  power 
instead  of  in  the  reverse  direction  as  happens  as  a  consequence  of 
ferment  action.  Thus  fitting  in  with  and  supporting,  as  they  do,  a 
general  principle  of  action  shown  by  other  evidence  to  be  in  opera- 
tion, they  acquire  considerable  importance.  On  this  account,  in 
order  that  the  point  migbt  be  placed  beyond  doubt,  I  deemed  it 
advisable  to  undertake  a  further  series  of  experiments,  and  I  found 
that  I  could  simplify  the  operative  procedure  by  injecting  the  sugar 
solution  into  the  subcutaneous  tissue  instead  of  into  a  vein.  As  will 
be  seen  from  the  results  to  follow,  confirmatory  evidence  was  supplied, 
and  it  may  be  considered  to  be  established  that  sugar  reaching  the 
general  circulation  as  glucose,  and  thence  brought  into  contact  with 
living  protoplasmic  matter  whilst  contained  in  the  vessels  and  whilst 
passing  through  the  secreting  structure  of  the  kidney,  escapes  in  a 
form  possessed  of  a  lower  cupric  oxide  reducing  power  than  glucose. 

The  list  comprises  seven  experiments  conducted  upon  rabbits  con- 
secutively taken.  In  each  case  1  gram  of  glucose  (derived  from 
honey)  per  kilo,  of  body  weight  was  injected  into  the  subcutaneous 
tissue  of  the  back,  the  animal  being  temporarily  placed  under  ether 
for  the  performance  of  the  injection.  Urine  was  obtained  from  the 
bladder  about  two  hours  afterwards.  The  delicacy  of  the  ammoniated 
cupric  test  is  such  as  to  permit  of  very  small  quantities  of  urine 
sufiicing  for  analysis,  and  dilution  to  the  extent  of  30,  40,  or  50  times 
is  requisite.  The  urine,  suitably  diluted,  was  divided  into  two  por- 
tions, one  being  titrated  at  once,  and  the  other  after  boiling  for  an 
hour  and  a  half  with  2  per  cent,  sulphuric  acid  under  the  inverted 
condenser.  In  each  case,  as  shown  by  the  tabular  arrangement  given 
of  the  results,  the  sugar  present  in  the  urine  possessed  a  cupric 
oxide  reducing  power  much  below  that  of  glucose,  although  glucose 
vas  the  form  of  sugar  injected. 
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Nature  and  amount  of  Sugar  in  the  Urine  after  the  subcutaneous  injec- 
tion into  the  Babbit  of  1  gram  of  glucose  per  kilo,  of  body  weight. 


Sugar 
per  1,000, 
expressed 
as  glucose. 

obtained  J  before  sulphuric  acid    48  08 
\  after         „         „      65  79 


■■{ 


before  sulphuric  acid  19'84 


after 


51-89 


Eabbit  I. 

10  c.c.  of  urine 
Rabbit  ir. 

8  6  of  urine  obtained . , 
Eabbit  III. 

o  „  „    f     ■  •    J      r  before  sulphuric  acid  39'68 

3  c.c.  01  urine  obtained. .  <    r.  ^  n.  ./? 

1_  after  ,,         ,,  94-46 

Rabbit  IV. 

<         c     •       t,i.  •    J      r  before  sulphuric  acid  34-72 

4  c.c.  or  urine  obtained . .  ■<.  ^^^^j,  G9  44 

Rabbit  V. 

Over   15   c.c.    of  urine 
obtained  

Rabbit  VI. 

Over  30  c.c.   of  urine 
obtained  

Rabbit  VII. 

..,         r     •       1,1  •    J    r  before  sulphuric  acid  48-78 

4  1  c.c.  or  urine  obtained.      ...  nnar: 

Latter          ,,         „  11085 


/  befor 
\  after 


fore  sulphuric  aeid  21-74 
„  35-72 


fbef 
\aft 


fore  sulphuric  acid    10  41 


1923 


Cupric  oxide 
reducing  power 
of  the  sugar 
eliminated  in 
relation 
to  that  of 
glucose  at  100. 


73 


38 


42 


50 


61 


54 


44 


The  above  results  very  strikingly  show  that  the  amount  of  cupi-ic 
oxide  reducing  power  after  treatment  with  sulphuric  acid  greatly  ex- 
ceeded that  existing  before.  It  is  asserted  that  animal  gum,  an 
amylose  carbohydi*ate,  may  exist  in  the  urine.  If  present,  it  would 
serve  to  account  for  the  difference  revealed  in  the  results  obtained. 
To  ascertain  if  the  difference  were  attributable  to  such  a  source,  a 
portion  of  the  urine  in  three  of  the  experiments  was  poured  into  a 
large  quantity  of  absolute  alcohol.  The  effect  of  this  upon  animal 
gum  would  be  to  precipitate  it.  After  standing  for  twenty-four 
hours  the  alcohol  was  filtered  off,  evaporated  down,  and  the  product 
subjected  to  titration  with  the  ammoniated  cupric  test  before  and 
after  treatment  with  sulphuric  acid.  The  results  obtained  revealed 
the  same  kind  of  difference  as  was  noticed  in  the  original  examina- 
tion, thus  rendering  it  evident  that  the  phenomenon  observed  must 
be  ascribed  to  the  prestjnce  of  sugar  with  a  lower  cupric  oxide  reduc- 
u\'^  power  than  that  of  glucose. 
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I  have  mentioned  that  a  certain  amount  of  sugar  exists  in  normal 
urine,  and  the  evidence  before  me  points  to  the  nature  of  the  sugar 
standing  in  accord  with  what  has  been  mentioned  above  in  exerting 
an  increased  cupric  oxide  reducing  action  after  treatment  with  sulph- 
uric acid. 

The  kind  of  sugar  eliminated  in  diabetes  is,  on  the  other  hand, 
ordinj^rily  glucose.  I  have  had  a  number  of  examinations  made,  and 
it  is  only  in  a  few  instances  that  a  sugar  with  a  lower  cupric  oxide 
reducing  power  has  been  met  with. 

2.  Application  to  the  Production  of  Proteid. 

The  observations  of  Pasteur  upon  the  growth  of  yeast  may  be 
considered  to  reduce  to  demonstration  the  production  of  proteid  by 
the  agency  of  protoplasmic  action  from  the  incorporation  of  carbo- 
hydrate with  nitrogenous  matter.  The  question  was  considered  in 
an  early  part  of  this  v/ork  (p.  53,  et  seq.),  and  it  was  there  shown  that 
yeast  cells,  which  consist  of  little  masses  of  living  protoplasm,  placed 
in  a  medium  composed  only  of  sugar,  tartrate  of  ammonia  (nitrate  of 
ammonia,  which  has  no  carbon  entering  into  its  constitution,  and, 
therefore,  renders  it  absolutely  evident  that  the  carbon  of  the  newly 
formed  proteid  must  be  derived  from  the  sugar,  may  be  substituted 
for  the  tartrate),  mineral  matter,  and  water,  grow  and  multiply — a 
fact  which  implies  that  fresh  protoplasm,  and  hence  proteid,  must 
be  produced.  The  conditions  here  are  so  simple  as  to  leave  no  room 
for  hesitation  in  accepting  the  conclusion  to  which,  they  lead  up. 

Upon  the  strength  of  what  is  observable  in  the  higher  vegetable 
organisms,  it  is  likewise  affirmed  in  settled  terms  by  vegetable 
physiologists  that  carbohydrate  matter  is  utilised  in  the  production 
of  proteid  by  incorporation  with  a  nitrogenous  principle  (vide  pp.  54 
— 56).  Asparagin,  a  crystallisable  and  diffusible  nitrogenous  pz'in- 
ciple  widely  dispersed  througb  the  vegetable  kingdom,  appears  to  play 
an  important  part  in  connexion  with  the  operation.  Sachs,  in  his  work 
on  the  '  Physiology  of  Plants,'  in  several  places  speaks  of  it  as  an 
established  point  that  from  carbohydrate  matter  and  asparagin  proteid 
is  formed,  and  further  asserts  that  the  converse  process  of  splitting 
up  of  proteid  with  the  liberation  of  asparagin,  for  fresh  service  in  the 
same  direction,  likewise  constitutes  an  operation  occurring  in  associa- 
tion witb  metabolic  activity.    Other  nitrogenous  principles  may  take 
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the  place  of  asparagin,  and  with  the  supply  of  the  nitrogen-contain- 
ing compounds,  on  the  one  hand,  from  the  soil,  and  the  production  of 
carbohydrate  in  the  leaves  from  the  carbonic  acid  of  the  atmosphere 
and  the  elements  of  water  through  the  influence  exerted  by  the  sun's 
rays,  we  have  before  ns  the  source  of  the  principles  entering  into  the 
constitution  of  proteid  matter. 

It  is,  then,  distinctly  affirmed  that  proteid  in  the  plant  is  con- 
structed from  carbohydrate  matter  and  asparagin,  or  some  other 
nitrogenous  principle,  by  the  agency  of  protoplasmic  power,  and, 
further,  that  a  dissolution  of  tlie  proteid  thus  formed  afterwards 
takes  place,  with  the  liberation  of  asparagin,  which  again  enters  into 
the  constraction  of  proteid  by  conjugation  with  fresh  carbohydrate 
matter.  Nothing  is  here  said  by  Sachs  about  carbohydrate  issuing  as 
a  cleavage  product  from  the  proteid,  although  it  is  spoken  of  as  con- 
stituting the  complementary  part  to  the  asparagin  in  the  process  of 
construction.  Elsewhere,  it  is  true,  reference  is  made  to  protoplasm 
being  concerned  in  the  deposition  of  starch,  &c.,  as  storage,  and 
cellulose  as  fabric  material,  but  the  question  is  not  pursued  to  any 
further  extent.  Looking,  however,  at  all  the  knowledge  in  our  pos- 
session, I  am  led  to  go  on  and  say  that  the  weight  of  evidence  and 
probability  is  in  the  direction  of  proteid  construction  constituting  an 
important  intermediary  in  the  physiological  progression  of  carbo- 
hydrate matter.  Through  its  glucoside  constitution,  proteid  matter 
stands  as  an  important  factor  in  the  play  of  changes  connected 
with  life,  into  which  the  carbohydrates  enter. 

Let  me  carry  the  discussion  into  the  domain  of  materiality,  and  take 
for  illustration  a  growing  bud.  At  the  seat  of  metabolic  activity 
asparagin  is  produced  by  the  dissolution  of  previously  formed 
proteid  matter.  The  asparagin  thus  originating  exists  in  contact 
with  sugar  continuously  being  derived  from  the  starch  taking  its 
source  in  the  chlorophyll  corpuscles  under  the  operation  of  the  solar 
energy.  Thx'ough  the  instrumentality  of  the  living  protoplasm  within 
the  sphere  of  influence  of  which  the  two  priiiciples  are  lying,  in- 
corporation into  proteid  takes  place  with  the  contemporaneous  growth 
of  protoplasm.  Observation  testifies  that  where  the  protoplasm  has 
existed,  fabric  cellulose  becomes  deposited,  and,  from  a  review  of  all 
the  circumstances,  it  may  be  looked  upon  as  probable  that  the  depo- 
sition occurs  as  the  result  of  proteid  cleavage,  with  the  concurrent 
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liberation  of  asparagin  to  contribute  to  a  repetition  of  the  operation 
witb  fresh  carbohydrate  matter,  generated  by  the  starch-forming 
chlorophyll.  Under  the  view  presented,  the  protoplasm  of  the  grow- 
ing part  incorporates  into  itself  the  newly  formed  carbohydrate,  and 
subsequently  leaves  it  behind  as  lignified  cellulose  in  its  track,  just  as 
a  coral  polype  incorporates  into  its  substance  calcareous  matter 
which  ils-  leaves  behind  in  the  form  of  the  coral  structure  as  it 
grows  on. 

The  account  that  has  been  given  will  equally  apply  to  the  growth 
of  the  seed  and  the  shoot  of  the  tuber,  the  only  difference  being  that 
the  new  organism  draws  its  carbohydrate  from  storage  material  in- 
stead of  from  a  generating  source. 

Economy  of  nitrogenous  matter  is  noticeable  in  the  process  de- 
scribed. A  certain  amount,  it  is  true,  of  the  protoplasmic  nitrogen  is 
left  behind  with  the  fabric  carbohydrate,  and  in  connection  with  the 
storage  carbohydrate  there  is  evidently  a  special  deposition  of  nitro- 
genous matter  to  meet  the  requirements  of  the  growth  subsequently . 
to  take  place ;  but  with  the  repeated  service  of  asparagin  that  has 
been  alluded  to,  an  economical  provision,  as  regards  nitrogenous 
matter,  exists  for  bringing  about  the  utilisation  of  a  large  amount  of 
carbohydrate  material. 

I  have  drawn  proof  of  the  production  of  proteid  by  the  incorpora- 
tion of  carbohydrate  with  nitrogenous  matter  through  protoplasmic 
power,  from  the  actions  occurring  in  the  vegetable  kingdom.  Ac- 
cording to  the  view  I  am  propounding,  the  disposal  of  carbohydrate 
matter  in  the  several  ways  to  which  I  am  referring  is  the  result  of  an 
attribute  or  power  belonging  to  living  protoplasm,  without  distinc- 
tion as  to  which  of  the  conventional  kingdoms  of  nature  it  happens  to 
fall  into.  I  will  proceed  to  adduce  evidence  pointing  to  the  utili- 
sation of  carbohydrate  in  the  animal  kingdom  in  the  production  of 
proteid  matter ;  but,  before  doing  so,  I  may  remark  that  what  has 
been  said  in  this  work  about  the  glucoside  constitution  of  proteid 
matter  gives  very  great  support  to  the  whole  proposition.  Utilised 
in  the  formation  of  proteid,  it  is  only  in  accord  with  what  might  be 
expected  that  it  should  be  susceptible  of  withdrawal  under  the 
operation  of  influences  effecting  a  disruption  of  the  proteid  molecule. 
The  two  stand  in  harmony,  and  mutually  substantiate  each  other. 

We  statt  with  the  carbohydrate  matter  derived  from  ingestion  in 
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the  alimentary  canal.  The  chief  portion  takes  rise  from  free  carbo- 
hydrate contained  in  the  food,  but  a  portion  (p.  50)  issues  from  the 
cleavage  of  the  proteids  oE  the  food  by  the  proteolytic  ferments  of  the 
digestive  tract.  From  whatever  source  starting,  carbohydrate 
matter  in  the  form  of  sugar  is  lying  in  association  with  the  nitro- 
genous product  of  proteolytic  ferment  action — peptone — within  the 
sphere  of  influence  of  the  extremely  active  little  masses  of  protoplasm 
constituting  the  cells  covering  the  villi.  The  circumstances  here 
present  no  essential  difference  from  those  existing  in  Pasteur's  ob- 
servation. For  the  yeast  cells  we  have  only  to  substitute  the  cells  of 
the  villi ;  and,  one  kind  of  protoplasm  having  the  power  of  conjuga- 
ting carbohydrate  and  nitrogenous  matter  into  proteid,  it  may  not 
unreasonably  be  looked  for  that  the  other  should  also  be  endowed 
with  it. 

I  have  shown  tbat  the  portal  blood,  after  the  ingestion  of  carbo- 
hydrate food,  contains  considerably  more  sugar  than  is  met  with  in 
other  parts  of  the  circulatory  system.  From  the  application  of  the 
analytical  procedure  for  obtaining  cleavage  carbohydrate  from  pro- 
teid matter,  it  is  learnt  that  higher  figures  are  here  also  given  than 
by  the  blood  existing  elsewhere.  This  matter  is  referred  to  at  p.  215 
et  seq.,  and  it  is  there  further  seen  that,  after  the  injection  of  sugar 
into  the  jugular  vein  of  rabbits,  the  contents  of  the  circulatory 
system  furnished  considerably  larger  amounts  of  amylose  carbo- 
hydrate than  under  other  circumstances  has  been  found.  The  evi- 
dence upon  the  point,  taken  in  its  entirety,  certainly  tends  to  show 
that  the  presence  of  carbohydrate  leads  to  increased  results  being 
yielded  by  the  analytical  procedure  for  obtaining  cleavage  carbo- 
hydrate, thus  falling  in  with  the  view  propounded  regarding  the 
application  of  cai-bohydrate  to  proteid  formation. 

What  is  noticed  with  regard  to  peptone  stands  in  harmony  with 
the  disposal  under  consideration  of  carbohydrate  matter.  By  the 
proteolytic  ferments  of  the  digestive  system,  the  proteid  molecule  is 
split  up  with  the  production,  as  is  well  known,  of  peptone ;  and,  as  I 
have  shown  in  an  earlier  part  of  this  work  (p.  50),  of  sugar.  This 
is  the  first  step  in  the  application  of  proteid  matter  as  food.  Thus 
broken  up  into  more  simjile  principles,  it  is  placed  in  a  suitable  state 
for  the  exercise  of  the  synthetic  action  of  the  living  protoplasm 
within  the  sphere  of  influence  of  which  the  products  lie.  Peptone 


APPLICATION  OF  CARBOHYDRATE  TO  PROTEID  PRODUCTION.  243 

may  be  regarded  as  standing  in  tlie  position  of  asparagin  and  other 
allied  nitrogenous  principles  of  the  vegetable  organism,  and  also,  it 
may  be  said,  of  the  tartrate  of  ammonia  in  Pasteur's  yeast  culture 
liquid,  in  relation  to  the  production  of  proteid.  Its  incorporation 
with  carbohydrate  matter  by  the  agency  of  the  synthetic  power  with 
which  livipg  protoplasm  is  endowed,  sufHces  to  account  for  the  pro- 
duction in  the  same  manner  as  occurs  in  living  nature  generally  of 
the  proteid  matter  into  which,  by  common  consent,  it  is  conceded  to 
pass.  Nowhere,  perhaps,  does  more  active  protoplasm  exist  than  in 
the  investing  cells  of  the  villi ;  and  it  is  doubtful  whether  sufficient 
attention  has  been  given  to  their  importance  as  protoplasmic  instru- 
ments of  action  in  the  economy  of  the  living  animal.  The  altered 
characters  they  present  daring  digestion,  as  compared  with  fasting, 
testify  to  their  activity.  Their  number  must  be  extremely  great, 
and  if,  instead  of  being  spread  over  a  free  expanse  of  surface,  they 
were  packed  into  a  glandular  mass  constructed  after  the  usual 
fashion,  a  good  sized  organ  would  result.  The  position  they  occupy 
does  not  in  reality  detract  from  the  exercise  of  an  assimilative  office 
as  effectually  as  if  they  were  arranged  in  a  compact  gland  ;  and  any 
other  position  than  that  of  being  spread  around  the  alimentary  tract 
would  be  incompatible  with  applicability  to  meet  the  requirements 
associated  with  food. 

Now,  peptone  disappears  from  view  just  where  it  should  do  under 
the  view  that  it  is  utilised  in  the  production  of  proteid  by  the  agency 
of  the  cells  of  the  villi,  or,  speaking  more  generally,  the  cells  belong- 
ing to  the  inner  surface  of  the  intestinal  canal.  The  presence  of 
peptone  is  easily  demonstrable  within  the  alimentary  canal,  but  it  is 
not  to  be  discovered  in  the  contents  of  the  general  circulation,  nor 
even  in  the  portal  blood  or  chyle.  Its  disappearance  is  spoken  of  by 
physiologists  as  being  involved  in  a  certain  amount  of  mystery  ;  and 
it  is  stated  that  all  that  can  be  definitely  said  is  that  the  mucous 
membrane  constitutes  the  seat  of  its  conversion  into  proteid.  Giving, 
however,  to  the  investing  cells  of  the  villi  the  same  power  that  proto- 
plasm existing  elsewhere  is  endowed  with,  there  is  nothing  myste- 
rious in  the  disappearance  of  peptone  where  observation  shows  that 
it  occurs.  Indeed,  with  the  presence  of  peptone  and  sugar  in  the 
alimentary  canal,  and  the  synthetic  influence  of  protoplasm  within 
reach  to  exert  its  action  upon  them,  the  disappearance  of  the  former 
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by  incorporation  into  proteid  is  only  what  might  be  looked  for.  The 
chief  channel  through  which  the  newly-formed  proteid  is  conyeycd 
into  the  system  is  probably  the  lacteals  ;  but,  apparently,  a  certain 
proportion  reaches  the  portal  blood. 

Thus,  the  points  that  have  been  referred  to  respecting  peptone  give 
support  to  the  view  that  has  been  propounded  with  regard  to  the 
application  of  carbohydrate  matter  to  proteid  formation  through  the 
medium  of  the  protoplasmic  power  of  the  cells  of  the  villi. 

Other  considerations  of  a  more  general  nature  tend  to  show  that 
the  nitrogenous  portion  of  our  food  is  concerned  in  the  assimilation 
of  carbohydrate  matter.  Where  it  is  deficient,  evidence  is  afforded 
that  the  carbohydrates  do  not  become  applied  within  the  system  in 
the  same  beneficial  manner  as  where  it  is  present  in  due  proportion. 
The  food  must  contain  a  certain  quantity  of  nitrogenous  matter  for 
the  carbohydrate  portion  of  it  to  be  turned  to  proper  account.  The 
absorbed  material  which  escapes  application  by  the  protoplasm  of 
the  investing  cells  of  the  villi  reaches  the  portal  blood  and  thence 
the  liver ;  and  it  is  found  that  in  proportion  as  carbohydrate  food 
is  in  excess,  so  does  the  liver  become  charged  with  transmuted  sugar 
under  the  form  of  glycogen.  In  the  laboratory,  advantage  is  taken 
of  this  fact  when  it  is  desired  to  procure  glycogen  in  quantity. 

I  look  upon  it  that  there  can  actually  be  no  doubt  that  one  of  the 
purposes  to  which  the  carbohydrates  are  applied  in  the  economy  of 
life  is  participation  in  the  production  of  proteid  matter.  Such  being 
the  case,  the  position  assigned  in  Liebig's  classification  to  the  nitro- 
genous constituents  of  food  as  exclusively  representing  the  flesh- 
forming  principles,  can  no  longer  be  considered  tp  hold  good.  With 
incorporation  into  the  proteid  molecule,  carbohydrate  matter  contri- 
butes in  reality  to  flesh  formation  ;  and,  universally  distributed 
throughout  the  system  in  this  state,  it  represents  a  large  amount  of 
locked-up  carbohydrate  existing  in  the  body.  Thus  circumstanced, 
it  stands  in  a  position  to  permit  of  its  retention,  and  possible  further 
utilisation,  in  contrast  to  the  condition  existing  in  diabetes,  where, 
reaching  the  general  circulation  in  a  free  state,  it  passes  off  as 
unused  material  with  the  urine. 

A  few  pages  back  I  spoke  of  proteid,  through  its  synthesis  and 
cleavage,  constituting  a  medium  for  the  utilisation  of  carbohydrate 
matter  in  the  vegetable  kingdom.    The  same  probably  occurs  in  the 
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animal  kingdom.  For  instance,  on  looking  at  the  various  surroundings 
of  the  case,  the  idea,  it  seems  to  me,  that  most  satisfactorily  accounts 
for  the  origin  of  the  lactose,  fat,  and  casein  of  milk  is  that  they  all 
constitute  cleavage  products  from  proteid  matter.  Casein,  it  happens, 
as  I  mentioned  (p.  32)  when  speaking  of  the  glucoside  constitution  of 
proteid  matter,  differs  strikingly  from  the  other  proteids  examined  in 
yielding  quite  an  insignificant  amount  only  of  cleavage  carbohydrate — 
a  condition  that  harmonises  vsdth  what  might  be  looked  for  on  the 
hypothesis  of  its  cleavage  origin.  The  sugar  met  with  in  the  several 
structures  of  the  body  may  take  origin  from  proteid  cleavage.  In  the 
advanced  stage  of  severe  cases  of  diabetes,  some  of  the  sugar  elimi- 
nated is  evidently  drawn  from  the  tissues  of  the  body.  An  excessive 
cleavage  of  proteid,  arising  from  the  particular  state  existing, 
adequately  affords  the  explanation  wanted. 

(3) .  Transformation  into  Fat. 

The  question  of  whether  it  is  possible  for  carbohydrate  matter  to 
be  transformed  into  fat  in  the  animal  system  was  the  subject  of  warm 
controversy  during  the  first  half  of  the  present  century,  and  several 
names  of  renown  stand  associated  with  it.  The  settlement  then 
arrived  at  was  in  the  affirmative,  and  the  advance  of  knowledge  that 
has  since  taken  place  attests  the  coi'rectness  of  the  conclusion.  The 
animal  kingdom,  indeed,  it  may  now  without  hesitation  be  asserted, 
stands  in  the  position  of  a  large  constructor  of  fat  from  the  carbo- 
hydrate matter  constituting  the  primordial  organic  production  sup- 
plied to  the  living  kingdom  of  nature  by  the  vegetable  organism 
operating  under  the  influence  of  the  power  derived  from  the  sun. 

If  it  be  true,  as  is  believed,  that  carbohydrate  matter  represents 
the  initial  condition  of  all  organic  products,  the  whole  of  the  fat 
encountered  in  both  kingdoms  of  living  nature  must  take  its  origin 
directly  or  indirectly  from  carbohydrate  matter.  From  the  nitrogen- 
containing  compounds  and  mineral  matter  supplied  to  the  plant 
through  the  roots,  and  the  carbohydrate  matter  produced  by  the 
leaves,  we  have  the  basis  for  the  construction  of  the  various  complex 
organic  products  that  exist.  Now,  evidence  is  adducible  from  which 
the  conclusion  may  be  drawn  that  fat  is  susceptible  of  taking  origin 
from  these  complex  organic  products  by  dissociation,  brought  about 
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in  the  presence  of  certain  conditions.  We  do  not  in  this  case 
discern,  upon  a  superficial  view  of  the  matter,  any  direct  connexion 
between  fat  and  carbohydrate,  but,  if  carbohydrate  is  the  source  of  fat 
and  all  the  carbon  compounds  of  living  nature,  the  fat  must,  whatever 
the  intermediate  stages  that  may  have  existed,  have  ultimately  taken 
origin  from  it. 

From  what  has  been  said,  however,  in  this  work  about  the  origin 
and  the  constitution  of  proteid  matter,  the  sequence  of  events 
becomes  intelligible.  In  view  of  chemical  experience,  there  is 
nothing  unreasonable  in  the  proposition  that  carbon  may  enter  the 
proteid  molecule  as  carbohydrate,  and  come  out  from  it  in  the  form 
of  fat.  Under  one  set  of  conditions  the  cleavage  may  be  attended 
with  the  liberation  of  a  carbohydrate,  and,  under  another,  with  that 
of  fat.  Even  with  the  direct  production  of  fat  from  carbohydrate, 
there  may  be  passage  through  proteid  matter.  Certainly,  protoplasm 
ie  a  necessary  factor  in  the  process,  and  there  are  grounds  for  con- 
Bidering  it  more  than  probable  that  the  result  is  attained  through 
incorporation  and  liberation,  rather  than  by  direct  transformation. 
Should  the  former  supposition  be  right,  there  is  no  essential  diffe- 
rence between  the  production  of  fat,  as  an  act  of  assimilation,  from 
carbohydrate  and  the  origin  of  fat,  by  the  cleavage  of  proteid  matter 
belonging  to  the  textural  constituents  of  the  body,  which  takes  place 
to  a  prominently  marked  extent  in  fatty  degeneration. 

The  growth  of  yeast  cells  in  Pasteur's  sugar  pabulum  has  been 
already  taken  advantage  of  to  illustrate  the  transmutation  of  carbo- 
hydrate matter  from  a  higher  to  a  lower  state  of  hydration,  and  its 
application,  in  the  presence  of  a  nitrogen-containing  compound,  to 
the  construction  of  proteid.  The  example  in  question  may  also  be 
made  use  of  in  connexion  with  the  further  point  that  is  under  con- 
sideration, inasmuch  as  it  likewise  serves  to  illustrate  the  production 
of  fat  from  carbohydrate.  Yeast,  as  Pasteur  and  others  have  shown, 
contains  at  least  1  to  2  per  cent,  of  fat.  Its  growth  in  a  medium 
containing  no  fat,  and  with  sugar  as  the  only  possible  source  of  it, 
which  is  the  case  when  the  nitrate  of  ammonium  is  substituted  for 
the  tartrate  of  Pasteur's  liquid,  affords  conclusive  proof  of  the 
convertibility  of  carbohydrate  into  fat. 

The  fact  of  the  production  of  fat  from  carbohydrate  is  abundantly 
attested  by  examples  that  can  be  drawn  from  the  higher  forms  of 
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vegetable  organisation,  in  some  of  whicli  it  is  very  extensively 
carried  out. 

In  the  oily  seeds  the  fat  is  preceded  by  starch  and  sugar.  Sachs* 
says  *'  Before  maturity  such  seeds  contain  no  fat,  but  only  starch  and 
sugar.  Such  unripe  seeds  (e.g.,  of  Pceoma)  may  be  detached  from  the 
mother  plant,  and  allowed  to  lie  in  moist  air  with  the  result  that 
the  starch  disappears  and  is  replaced  by  fatty  oil."  Again,t  "  There 
is  not  the  slightest  doubt  that  fat  is  formed  in  ripening  seeds  from 
carbohydrates,  particularly  starch,  since  this  transformation  takes 
place  in  the  nearly  ripe  seed,  even  when  taken  out  of  the  fruit,  when 
no  other  material  is  available  under  the  circumstances  for  the  forma- 
tion of  fat." 

If,  as  appears  in  the  oily  seeds,  it  is  susceptible  of  demonstration 
that  fat  is  produced  from  carbohydrates,  it  is  equally  demonstrable 
that  carbohydrates  are  reciprocally  producible  from  fat.  The  embryo 
of  the  oily  seed  grows  in  the  same  manner,  and,  in  its  growth, 
develops  the  same  kind  of  structure  as  that  of  the  starchy  seed. 
The  cellulose  and  other  carbohydrates  found  in  the  seedling  are 
obviously  deiived  from  the  fatty  reserve  in  the  one  case,  just  as  they 
are  derived  from  the  starchy  reserve  in  the  other. 

However  inexplicable,  from  a  strictly  chemical  point  of  view,  such 
transformations  may  be,  the  fact  is  evident  that  in  the  oily  seeds 
fatty  matter  is,  in  the  first  instance,  produced  from  carbohydrate, 
and,  subsequently,  in  the  growth  of  the  seedling,  reconverted  into 
carbohydrate. 

In  the  animal  kingdom  fat  is,  without  question,  produced  upon  a 
very  extensive  scale  from  the  carbohydrates.  The  animal  system 
constitutes,  in  fact,  a  laboratory  wherein  the  capacity  exists  for  con- 
verting carbohydrate  matter  into  fat.  In  the  milch  cow,  in  the 
fattening  of  animals  for  the  table,  and  in  the  production  of  the  foie 
gras  in  the  Strasburg  goose,  we  have  instances  of  the  extensive 
operation  of  the  process,  and  I  need  not  dwell  further  upon  the 
question  of  fact,  but  will  proceed  to  consider  that  of  where  and  how 
the  change  is  brought  about. 

The  ferments  of  the  digestive  system  place  the  carbohydrate  matter 

*  '  Lectures  on  the  Physiology  of  Plants,'  by  Julius  von  Sachs.    Tranelaf.ed  by 
H.  Marshall  Ward,  p.  323  :  Clarendon  Press,  Oxford,  1887. 
t  Loo.  cif.,  p.  384. 
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of  our  food  in  a  soluble  state,  if  not  already  existing  so.  The  small 
intestine  is  the  part  of  the  alimentary  tract  where  absorption  of 
the  nutrient  matter  specially  occurs,  and,  here,  the  carbohydrate  is 
intimately  intermixed  with  the  product  of  digestion  of  nitrogenous 
matter.  Thus  prepared,  the  carbohydrate  product  falls,  in  the 
process  of  absorption,  within  the  sphere  of  influence  of  living  proto- 
plasm represented  by  the  cells  investing  the  villi.  These  cells  are 
recognised  as  the  agents  concerned  in  the  absorption  of  fat,  but  no 
thought  appears  to  have  been  given  to  them  as  transformers  of 
carbohydrate  into  fat,  although,  if  we  bestow  attention  to  the  matter, 
evidence  is  seen  to  be  forthcoming  suggesting  that  they,  in  reality, 
fulfil  this  function. 

It  is  well  known  that  after  food  rich  in  fatty  matter  the  lacteals  are 
charged  with  milky  chyle,  that  the  cells  of  the  villi  are  more  or  less 
loaded  with  fat,  and  that  fat  globules  pass  from  these  cells  through 
the  centre  of  the  villus  to  reach  the  current  in  the  lacteal  system. 

Observation  conducted  upon  the  vegetable  feeder  after  the  inges- 
tion of  food  rich  in  carbohydrate  matter  and  poor  in  fat  reveals  the 
existence  of  a  precisely  similar  state  of  things.  On  taking,  for 
instance,  a  rabbit  about  four  hours  after  a  meal  of  oats,  killing  it, 
and  opening  the  abdomen,  coils  of  the  small  intestine  are  seen, 
esi^ecially  after  a  few  minutes'  exposure,  to  present  a  white  opaque 
appearance,  with  milky  streaks  or  lines  upon  the  surface,  due  to  flow 
of  chyle  beneath  the  peritoneum ;  and  the  lacteals  of  the  mesentery, 
owing  to  the  milky  character  of  their  contents,  are  conspicuously 
visible.  The  receptaculum  chyli  is  also,  from  the  same  cause,  readily 
perceptible,  and,  if  cut  into,  gives  exit  to  a  strongly  milky  fluid.  On 
the  intestine  being  laid  open,  a  more  or  less  densely  white  condition 
of  the  internal  surface  presents  itself  to  view,  due  to  the  extent  to 
which  the  mucous  membrane  is  charged  with  fat,  and  the  villi  stand 
out  as  opaque  projections. 

In  order  that  the  condition  described  may  be  satisfactorily  visible,  it 
is  necessary  that  favourable  circumstances  should  exist.  The  animal 
itself  mast  be  in  a  good  healthy  state.  The  food  must  be  of  a  natural 
kind  and  sufficiently  rich  in  farinaceous  constituents.  Moistened 
oats,  in  the  case  of  rabbits,  have  yielded  the  most  marked  results. 
After  fasting,  with  unfavourable  food,  and  in  ill-conditioned  animals 
the  appearance  strikingly  dilters.    The  intestine  is  transparent  and 
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watery,  and  the  lacteals  are  not  perceptible.  Between  this  condition 
and  jthat  in  which  the  lacteals  are  fully  injected,  any  intermediate 
degree  of  milky  character  may,  of  course,  be  perceptible. 

From  the  appearances  presented,  then,  to  the  naked  eye,  it  is  learnt 
that  under  suitable  food,  rich  in  starchy  matter,  the  same  passage  of 
fat  through  the  lacteals  occUrs  as  after  feeding  directly  with  fat.  It 
seems  to  me  impossible  that  the  quantity  of  fat  observed  to  be  thus 
entering  the  system  could  be  derived  from  that  contained  in  a  free 
state  in  the  food.  Analysis  of  the  oats  consumed  in  my  experiments 
placed  the  amount  of  fat  present  at  5  per  cent.,  which  agrees  with  the 
estimations  made  by  others. 

Upon  the  facts  before  us,  the  following  train  of  reasoning  may,  I 
am  of  opinion,  be  legitimately  set  forth.  We  know,  upon  irrefutable 
grounds,  that  the  capacity  of  producing  fat  from  carbohydrate  matter 
exists  within  the  animal  system,  and  must  be  extensively  in  opera- 
tion. The  intestine  constitutes  the  main  seat  of  preparation  of 
carbohydi'ate  matter  for  absorption  and  subsequent  utilisation,  and 
from  the  intestine  we  find  fatty  matter  flowing  into  the  system 
through  the  lacteals,  which  cannot  be  adequately  accounted  for, 
except  on  the  hypothesis  of  its  origin  from  the  carbohydrate  matter 
of  the  food.  Indisputably,  the  formation  of  fat  takes  place  some- 
where in  the  system,  and  there  is  no  situation  more  propitiously 
circumstanced  to  meet  all  the  requirements  of  the  problem  than  the 
intestinal  villi.  Moreover,  with  the  seat  of  formation  in  this  position, 
the  introduction  of  fat  into  the  system  as  a  production  from  carbo- 
hydrate food,  is  brought  into  conformity  with  its  direct  introduction, 
preformed,  from  without.  In  the  one  case,  the  fat  is  simply  absorbed, 
and  reaches  the  lacteals ;  in  the  other,  it  is  produced  by  assimilation 
from  carbohydrate  matter,  and  then  similarly  reaches  the  lacteals. 

If  we  now  pursue  the  matter  further,  and  give  attention  to  the 
villi,  it  will  be  seen  that  support  is  afforded  to  the  view  that  has  been 
advanced. 

It  may  be  confidently  assumed  that  it  is  through  the  operation  of 
protoplasmic  action  that  the  transformation  is  effected.  For  many 
years  I  have  been  acquainted  with  the  fact  that  the  lacteals  are  well 
charged,  as  above  described,  with  milky  chyle  after  the  ingestion  of 
carbo-hydrate  food ;  but  it  did  not  occur  to  me,  until  recently,  that  it 
was  permissible  to  look  to  the  villi  as  constituting  the  seat  of  the  pro- 
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duction  of  fat  from  carbohydrate  matter.  I  had  thought  that  the 
most  likely  position  for  the  transformation  was  in  the  liver,  and, 
doubtless,  as  stands  in  accord  with  general  opinion,  the  liver  possesses 
the  power  of  exerting  more  or  less  effect  in  this  direction.  But, 
looking  to  the  liver  as  the  special  seat  of  transformation,  there  came 
the  question  of  how  the  fat  reached  the  system.  I  sought  for  it  in 
the  hepatic  vein,  and  took  into  account  the  possibility  of  its  reaching 
the  intestine  under  the  form  of  the  reslnold  constituents  of  the  bile. 
After  conducting  an  extended  enquiry  into  the  matter,  I  failed  to 
obtain  evidence  reconcilable  with  the  carbohydrate  matter  of  the 
food  being  further  than  to  a  partial  extent  disposed  of  by  the  agency 
of  the  liver.  I  learnt  nothing  satisfactory  about  fat  reaching  the 
hepatic  vein,  and,  with  respect  to  the  bile,  the  information  obtained 
failed  to  sufficiently  give  the  explanation  needed. 

It  was  upwards  of  twenty  years  ago  that  my  experiments  were 
conducted.  Through  the  medium  of  a  biliary  fistula  I  collected  the 
bile,  and  estimated  the  amount  of  solid  matter  passing  from  the  liver 
to  the  intestine,  under  various  conditions  as  regards  Ingesta.  The 
outcome  of  the  results  was  quite  inadequate  to  account  for  the  fat 
manifestly  produced  in  the  system  from  the  carbohydrates  of  the 
food.  I  saw  sufficient  to  lead  me  to  the  opinion  that  some,  if  not  all, 
of  the  fat  produced  In  the  liver  cells  is  metamorphosed  into  resinoid 
biliary  principles,  and,  in  this  form,  transmitted  to  the  alimentary 
canal.  Here  indications  presented  themselves  of  the  occurrence  of 
re-conversion  into,  and  subsequent  absorption  by  the  villi  as,  fat. 
The  effect  of  the  acid  chyme  escaping  from  the  stomach  is  to  throw 
down  the  glycocholic  acid  of  the  bile  when  the  two  arrive  In  contact. 
An  emulsion-like  product  is  formed,  from  which  it  has  appeared  to 
me  that  milky  chyle  has  arisen.  Furtlier,  under  certain  circum- 
stances, I  have  witnessed  in  the  strictly  fasting  dog  the  lacteals 
coming  from  a  limited  portion  of  the  intestine  to  be  charged  with 
milky  chyle,  and  the  interior  of  this  limited  portion  to  contain  a 
coloured  bilious  fluid,  from  which  other  parts  wci'O  free. 

Such  was  the  unsettled  position  In  which  the  matter  formerly 
stood.  A  new  light  has  been  thrown  upon  it  by  the  issue  of  recent 
enquiry.  We  look  to  protoplasm  as  the  agent  for  effecting  the  trans- 
formation. But  protoplasm  administers  to  various  offices.  In  some 
instances  its  special  purpose  Is  to  produce  secretions  of  different 


TRANSFORMATION  OF  CARBOHYDRATE  INTO  FAT. 


251 


kinds,  in  others  it  may  be  designed  to  undergo  metamorphosis  into 
textural  elements  endowed  with  particular  functional  attributes. 
Assimilative  power  over  food  principles  may  be  looked  upon  as  con- 
stituting its  most  primitive  capacity,  and,  as  regards  this  capacity,  it 
is  possible  that  it  does  not  become  annulled  when  other  functions 
are  fulfilled.  Evidence,  at  all  events,  is  adducible  standing  in  sup- 
port of  this  view. 

The  protoplasm  of  the  cells  of  the  villi  may  be  regarded  as  speci- 
ally intended  for  the  performance  of  assimilative  action.  If  we 
study  the  villi  microscopically  the  appearances  seen  after  the  inges- 
tion of  food  and  at  a  period  of  fasting  are  very  different.  In  the 
fasting  state  they  are  covered  with  a  layer  of  closely  set  columnar 
cells  provided  with  nuclei  and  granular  contents.  Here  and  there 
cells  may  be  discovered  containing  a  few  fat  particles,  but  nothing 
beyond  this  in  the  direction  of  fat  is  discernible.  The  appearance 
presented  by  the  cells  is  delineated  in  one  of  the  sketches  on  p.  253. 
At  a  period  of  digestion  numbers  of  cells  become  more  or  less  loaded 
with  fat,  as  shown  in  the  other  sketch  on  the  page.  Of  those  which 
becorae  thus  charged,  many  present  a  much  altered  form.  The 
columnar  character,  it  is  true,  predominates,  but  the  columns  are 
thicker  and  shorter.  Often  the  cells  are  conical  or  pear-shaped. 
Sometimes  they  are  spheroidal,  looking  in  this  state  very  much  like 
fat-containing  cells  derived  from  the  liver.  Speaking  of  this  re- 
semblance, the  cells  of  the  liver,  indeed,  appear  to  play  a  supple- 
mentary part  in  the  formation  of  fat  from  carbohydrate  to  that 
played  by  the  cells  of  the  villi,  assimilating  the  carbohydrate  matter 
which  escapes  being  assimilated  in  the  villi,  and  which,  as  a  result, 
is  permitted  to  reach  the  portal  blood.  It  is  interesting  to  notice  that 
both  in  the  case  of  the  lacteal  and  the  vascular  system  a  second  line 
of  protoplasmic  matter,  consisting  of  the  lymph  cells  of  the  absorbent 
glands,  on  the  one  hand,  and  the  cells  of  the  liver  on  the  other,  has 
to  be  passed  before  the  general  circulation  is  arrived  at. 

I  do  not  see  that  any  other  conclusion  is  permissible  than  that  in 
the  cells  depicted,  from  villi  of  the  rabbit  fed  upon  oats,  the  fatty 
matter  was  the  product  of  the  influence  of  protoplasm  upon  the  carbo- 
hydrate matter  ingested.  Looked  at  in  their  entirety,  the  points  before 
us  stand  thus.  Beyond  all  question,  as  previously  stated,  the  produc- 
tion of  fat  largely  takes  place  within  the  animal  system  from  carbo- 
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hydrate.  After  carbohydrate  food  the  lacteals  are  seen  to  be  charged 
with  milky  chyle  in  the  same  manner  as  occurs  after  the  direct  in- 
gestion of  fat.  The  protoplasmic  cells  of  the  villi  intervene  between 
the  carbohydrate  material  contained  in  the  alimentary  canal  and 
fatty  chyle  contained  in  the  lacteals.  These  protoplasmic  cells,  in 
the  presence  of  carbohydrate  food,  are  found  to  become  more  or  less 
loaded  with  fat,  which  finds  its  way  into  the  lacteal  system.  Within 
the  villus  there  is  evidently  a  great  protoplasm-generating  capacity. 
Besides  the  columnar  epithelial  layer,  which,  as  I  have  before  men- 
tioned, at  the  time  of  assimilative  activity  assumes,  to  a  greater  or 
less  extent,  an  altered  character,  a  number  of  lymph  or  wandering 
cells  are  to  be  seen.  The  two  lie  in  close  juxtaposition,  and  probably 
both  contribute  towards  rendering  the  villi  richly  provided  with 
protoplasm,  propitiously  placed  for  exerting  an  assimilative  action  on 
the  food  principles  prepared  by  digestion  for  service  in  the  system. 

At  pp.  254,  255,  256,  and  257,  photo-engravings  of  micro-photo- 
graphs are  furnished,  representing  the  villi  in  section,  after  fasting 
and  after  the  ingestion  of  oats.  The  intestine  was  in  each  case 
subjected  to  the  usual  treatment  with  osmic  acid  for  staining  and 
bringing  into  view  the  fat,  and  then  embedded  in  parafl&n  for  the 
section  cutting.  Preparatory  to  mounting  in  Canada  balsam  the 
sections  were  faintly  tinted  with  hsematoxylin.  After  fasting,  no 
appearance  of  fat  is  presented,  whilst,  after  the  ingestion  of  oats,  not 
only  is  black  stained  fat  visible  in  parts  of  the  epithelial  layer,  but 
likewise  coursing  along  in  the  centre  of  the  villus,  just  as  is  per- 
ceptible after  the  direct  ingestion  of  fat.  Thus  the  channel  of  actual 
entry  of  fat  into  the  system  is  shown  to  be  the  same  whether  the  fat 
is  directly  ingested  or,  on  the  other  hand,  pi'oduced  from  carbo- 
hydrate food.  In  the  one  case  the  protoplasm  of  the  villi  takes  the 
fat  preformed ;  in  the  other  it  forms  it  from  carbohydi'ate.  In  both, 
the  channel  of  entry  is  through  the  lacteals. 
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Photo-engraving  from  sltctch  sliowing  appearances  presented  by  cells  of  villi  from 
a  rabbit  killed  four  hours  after  having  been  fed  with  oats. 
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Yilli  in  section,  magnifiocl  100  dinnictci's,  from  fasliiig  nibbil.    Ti-cutod  with  osniic 
acid.    No  fat  perceptible. 
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Villi  in  section,  magnified  100  diameters,  from  rabbit  killed  four  hours  after  having 
been  fed  with  oats.    Treated  with  osmic  acid.    Blackened  fat  largely  visible. 
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Point  of  villus  in  section,  magnified  600  diameters,  from  fasting  rabbit.  Taken 
from  a  portion  of  the  section  represented  at  p.  254.    No  indication  of  fat. 
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The  cells  of  the  liver,  as  I  have  intimated,  probably  supplement 
those  of  the  villi  in  producing  fat  from  the  carbohydrate  -which 
escapes  disposal  in  the  villi  and  reaches  the  portal  vein  as  sugar.  If 
this  be  the  case,  we  ought  to  find  in  the  pi-ocess  of  fattening  with 
carbohydrate  food  that  the  liver  gives  evidence  of  being  involved  to 
a  greater  extent  in  the  operation  in  question,  where  the  villi  and 
lacteal  system  are  less  perfectly  developed  than  under  the  opposite 
condition.  Xow,  this  hap^^ens  to  accord  with  what  is  actually 
observed.  In  the  bird  the  villi  are  much  less  highly  developed  than 
they  are  in  the  mammal,  and  in  the-  process  of  fattening  (for  the 
production  of  the  foie  gras)  to  which  the  Strasburg  geese  are 
subjected  the  liver,  as  is  known,  attains  enormous  size  from  the 
deposition  of  fat.  In  the  mammal  the  case  stands  othei'wise. 
Many  years  ago  I  visited  the  slaughter-houses  to  which  some  of  the 
fat  animals  exhibited  at  the  Christmas  London  Cattle  show  were 
taken,  and  was  struck  with  the  healthy  and  fleshy-looking  state  of 
the  liver  and  the  other  abdominal  organs.  With  efficiency  on  the 
part  of  the  villi,  the  liver  would  escape  the  tax  of  work  that  under 
other  circumstances  would  be  thrown  upon  it. 

I  have  for  a  long  time  held  that  what  in  the  human  subject  is 
spoken  of  as  fatty  degeneration  of  the  liver  is  in  reality  the  result  of 
conditions  leading  to  excessive  functional  production  of  fat.  Con- 
ditions may  exist  attended  with  the  ingestion  of  carbohydrate  matter 
beyond  the  capacity  of  the  villi  for  disposing  of  it  to  the  usual 
extent,  and  thus  leave  more  than  the  ordinary  amount  for  under- 
going conversion^into  fat  by  the  agency  of  the  liver. 

As  regards  the  mode  of  transformation,  by  protoplasmic  action,  of 
carbohydrate  into  fat,  I  consider  that  it  may  be  reasonably  sui-mised 
that  the  process  is  not  a  direct  one,  but  one  in  which  the  pi'oduction 
of  proteid  plays  an  intermediate  part.  It  has  been  pointed  out 
(p.  240)  that  in  the  transmutation  of  cai-bohydrate  matter  to  fi  lower 
form  of  hydi'ation  in  the  vegetable  organism,  as,  for  instance,  in  the 
deposition  of  fabric  cellulose  and  storage  starch,  the  weight  of 
evidence  and  probability  is  in  the  direction  of  its  being  effected  by 
entering,  in  the  first  instance,  into  the  constitution  of  the  proteid  of 
the  protoplasm  that  is  instrumental  in  bringing  about  the  change, 
and  then  being  deposited  in  the  altered  form.  Similarly,  the  proto- 
plasmic matter  of  the  cells  of  the  villi  may  first  lead  to  the  incorpora- 
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.  tion  of  the  carbohydrate  iato  proteid,  from  which,  by  cleavage,  the 
fat  may  be  afterwards  thrown  off. 

If  we  here  pause  for  a  moment  to  look  at  what  is  observed  to  occur 
elsewhere,  it  will  be  seen  that  there  is  nothing  irrational  in  the  view 
that  has  been  put  forward. 

According  to  the  description  that  is  given  in  physiological  works 
of  the  secretion  of  milk  by  the  mammary  gland,  the  alveoli  are  lined 
with  cells  consisting  of  growing  protoplasm,  Avhich  undergoes  meta- 
bolic change  so  as  to  give  rise  to  the  appearance  within  its  substance 
of  fat  globules  of  various  sizes  that  become  discharged,  and  constitute 
the  fatty  portion  of  the  milk.  Protoplasm  exists  to  begin  with,  and 
from  this  the  elements  of  the  milk  are  derived  apparently,  it  may  be 
stated,  by  a  process  of  splitting  up.  The  cleavage  of  proteid  may 
give  rise- not  only  to  the  fat  but  likewise  to  the  lactin  and  casein,  and 
in  support  of  casein  constituting  a  product,  from  the  antecedent  of 
which  carbohydrate  has  been  cleaved,  we  have  the  fact,  as  I  men- 
tioned (p.  32)  when  speaking  of  the  glucoside  constitution  of  proteid 
matter,  that  only  an  insignificant  amount  of  cleavage  carbohydrate  is 
obtainable  from  it  by  chemical  means,  compared  with  what  is  obtain- 
able from  albumin  and  other  proteids. 

Again,  the  same  kind  of  description  is  employed  for  representing  the 
deposition  of  fat  in  the  development  of  the  adipose  tissue  of  the  body. 
The  deposition  takes  place  in  the  cells  belonging  to  the  connective 
tissue.  These  multiply  and  become  chai'ged  with  oil  globules,  which 
grow  larger  and  coalesce,  until  ultimately  the  cell  consists  of  one  large 
spherical  oil  globule,  the  protoplasmic  remains  of  the  cell  forming 
a  thin  capsule  around  it.  The  protoplasm  of  the  cell  thus  visibly 
becomes  replaced  by  fat,  which  we  are  driven  to  look  upon  as  split  ofE 
from  the  pre-existing  proteid  substance. 

In  the  peculiar  disease  known  as  myxoedema,  which  is  attended 
with  an  undue  accumulation  of  connective  tissue  conspicuously 
infiltrated  with  a  redundance  of  its  proteid  accompaniment — mucin, 
the  idea,  in  view  of  the  doctrine  I  am  advocating,  forces  itself  upon 
the  mind  that  the  condition  may  be  due  to  an  imperfect  performance 
of  proteid  cleavage  and  liberation  of  fat.  The  province  of  protoplasm 
is  to  construct,  whilst  the  effect  of  ferment  action  is  to  split  up. 
The  redundance  of  connective  tissue  and  mucin  may  be  referable  to 
default  existing  in  connection  with  the  latter  process.  It  may  be,  in  the 
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disease,  that  there  is  a  want  or  deficiency  of  tlie  proper  ferment  for 
splitting  off  fat  from  proteid,  and  that  the  curative  effect  of  the 
thyroid  extract  treatment  is  attributable  to  the  want  being  met  by 
introducing  into  the  system  the  ferment  derived  from  an  external 
source. 

In  the  fatty  degeneration  of  muscle  it  may  further  be  taken  that 
an  allied  cleavage  of  fat  from  proteid  occurs.  Although  the  special 
object  of  the  protoplasm  may  not  be,  as  in  the  instances  that 
have  been  dealt  with,  to  effect  the  formation  of  fat,  the  proteid — 
indeed,  the  same  may  be  said  of  tissue  proteid  anywhere  existing — 
may  undergo  dissociation  with  the  liberation  of  fat  when  conditions 
deviating  from  those  which  tend  to  the  maintenance  of  a  state  of 
integrity  prevail. 

From  the  train  of  reasoning  before  adduced  (p.  2-i5)  the  con- 
clusion is  deducible  that  the  actual  source  of  all  fat  is  the  primordial 
carbohydrate  produced  by  the  chlorophyll  corpuscles  of  the  vegetable 
kingdom  actuated  by  the  power  derived  from  the  sun.  Starting 
with  this  carbohydrate,  the  operation  of  living  protoplasm  is  needed 
for  its  conversion  into  fat,  and  the  first  step  of  the  process  pre- 
sumptively consists  of  incorporation  into  proteid.  The  step  to  follow 
will  be  one  of  cleavage,  and  this  may  ensue  either  at  once,  as,  for 
example,  in  the  case  of  the  villi,  or  subsequently,  as  in  the  case  of 
the  mammary  gland,  the  growth  of  adipose  tissue,  and  the  fatty 
degeneration  of  muscular  and  other  structures. 

There  may  be,  it  is  true,  changes  taking  place  within  the  living 
system  of  an  ordinary  chemical  nature,  but  the  two  mainsprings  of 
power  determining  the  chemical  metamorphoses  of  life  are  proto- 
plasmic and  ferment  actions.  The  effects  produced  by  these  are 
directly  opposed.  Whilst  we  witness  as  the  result  of  the  operation  of 
the  one  a  .syntliesising  or  constructive  effect,  the  effect  of  the  other  is 
to  dissever  or  split  up.  It  is,  doubtless,  upon  a  delicately-adjusted 
balance  of  these  two  operations  that  the  play  of  changes  belonging  to 
life  depends.  Assuming  carboliydratc  to  have  been  appropriated  by 
the  instrumentality  of  protoplasmic  action  to  the  construction  of 
proteid,  we  have  a  body  to  deal  with  from  which  cither  carbohydrate 
or  fat  may  be  subsequently  evolved  according  to  the  surrounding 
determining  conditions.  The  blood  supply  (embracing  tlie  state  of 
the  blood  which  is  influenced  by  that  of  the  arteries  through  their 
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muscular  coat  governed  by  the  nervous  system)  probably  constitutes 
a  great  factor  in  the  determination  of  the  result.  At  all  events,  con- 
siderations, it  will  be  seen,  can  be  adduced,  giving  support  to  this 
conjecture. 

Observation,  for  instance,  shows  that  the  conditions  conducive  to 
fat  deposition  are  sluggish  circulation,  deficient  blood  supply,  and 
deficiency  of  the  I'ed  corpuscular  element  of  the  blood,  all  of  which 
tend  to  produce  a  deficiently-oxygenated  state.  The  fattener  of 
animals  knows  that,  with  a  given  amount  of  fattening  food,  his  object 
is  more  speedily  attained  by  keeping  the  animal  in  a  state  of  quies- 
cence, and,  further,  in  a  darkened  place,  the  effect  of  which  is  to 
favour  escape  from  the  temporary  excitations  of  the  vascular  system 
produced  by  nerve  action.  The  more  vegetative  the  life  of  the  animal, 
to  a  greater  extent  does  it  become  a  fruitful  fat  producer.  Both  func- 
tional fat  production  from  carbohydi-ate  and  fat  cleavage  from  tissue 
proteid  are  favoured. 

In  illustration  of  the  effect  of  deficient  blood  supply,  and  also  of 
deficiency  of  the  red  corpuscular  element  of  the  blood,  in  promoting 
the  cleavage  of  fat  from  proteid,  1  may  refer  to  the  fatty  degeneration 
of  the  muscular  fibres  of  tbe  heart  which  is  observed  as  an  accom- 
paniment of  ossification  and  other  obstructive  conditions  affecting  the 
coi'onary  arteries,  and  also  of  the  morbid  state  known  as  idiopathic  or 
peimicious  anaemia.  The  occurrence  of  fatty  degeneration — proteid 
fat  liberation — it  may  be  added,  under  the  circumstances  named,  is 
nothing  more  than  a  phenomenon  standing  in  harmony  with  a  recog- 
nised pathological  principle  applicable  to  the  tissues  generally. 

In  advanced  diabetes,  proteid  cleavage  with  the  liberation  of  sugar, 
instead  of  fat  as  in  fatty  degeneration,  occurs,  and  observation  shows 
that  an  opposite  kind  of  blood  influence  prevails. 

In  mild  forms  of  the  affection,  and  in  the  early  stage  of  the  grave 
class  of  case,  the  tissues  do  not  suffer  when  the  disease  is  held  under 
by  appropriate  dietetic  management.  Under  these  circumstances, 
the  only  fault  existing  is  a  defective  application  or  assimilation  of  the 
carbohydrate  matter  ingested.  That  this  is  the  case  is  proved  by  the 
train  of  reasoning  I  will  proceed  to  set  forth. 

The  question  presented  for  solution  is  whether  protoplasmic  assimi- 
lative action  is  at  fault,  oi-  whether  assimilated  carbohydrate  is  brought 
back  into  sugar  by  the  operation  of  undue  ferment  influence.    As  the 
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tissues,  under  the  circumstances  named,  supply  no  evidence  of  being 
implicated,  the  exercise  of  the  undue  ferment  influence,  if  it  exist, 
must  be  located  in  the  liver ;  and,  as  is  kuown,  we  have  here  trans- 
muted sugar  under  the  form  of  glycogen  to  deal  with  which,  if 
re-transformed  into  sugar  by  ferment  action,  Avould  account  for  the 
phenomenon  we  ai-e  considering.  Now,  should  the  result  be  attribut- 
able to  ferment  action,  sugar  ought  to  be  discharged  with  the  urine 
after  the  ingestion  of  limited  as  well  as  of  larger  amounts  of  carbo- 
hydrate. The  ferment  would  operate  alike  in  each  case,  and  lead  to 
sugar  production  equal  to  the  extent  of  its  power  of  action.  But,  in 
the  cases  in  question,  carbohydrate  can  be  ingested  up  to  a  certain 
amount  (the  amount  varying  with,  and  remaining  steady  in,  the 
individual  case)  without  being  attended  with  the  elimination  of  sugar. 
There  is  the  capacity  of  disposing  of  ingested  carbohydrate  matter 
within  the  sj'stem  up  to  a  certain  point  without  leading  to  its  run- 
ning off  as  sugar.  The  only  difference  between  such  a  case  and  the 
healthy  state  is  that  the  capacity  is  more  limited  in  the  one  than  it  is 
in  the  other,  and  we  are  driven  to  conclude  that  the  fault  must  con- 
sist of  an  impairment  of  the  power  possessed  by  the  system  of 
appropriating  the  carbohydrate,  and  preventing  its  escape  from  the 
body  as  sugar. 

I  hold,  as  enunciated  in  this  work,  that  protoplasmic  action  is  the 
agency  by  which  the  appropriation  of  carbohydrate  matter  is  effected, 
and  that  the  agents  of  appropriation  are  the  cells  of  the  villi  and  of 
the  liver.  Under  normal  circumstances,  cai'bohydrate  is  not  allowed 
to  pass  these  lines  of  stoppage.  Conditions  leading  to  its  doing  so 
occasion  saccharine  urine,  which  stands  j^i'oportionate  in  extent  to 
the  amount  of  caibohydrat;e  that  escapes  arrest,  and  is  thus  per- 
mitted to  reach  the  general  circulation.  All  the  facts  disclosed  by 
experience  bearing  upon  diabetes  stand  in  conformity  with  this 
assertion . 

I  have  said  that  we  must  look  to  deficient  protoplasmic  action  as 
the  source  of  the  sugar  which  passes  off  as  waste  material  from  in- 
gested carbohydrate.  Ifc  cannot  be  conceived,  however,  that  the 
error  is  due  to  the  protoplasm  itself.  This,  it  may  be  considered,  is 
endowed  with  an  inherent  power  which,  as  long  as  it  is  in  a  living 
state,  it  retains.  For  the  due  exercise,  however,  of  this  power  proper 
surrounding  conditions  are  needed.    The  state  of  the  blood  I  regard 
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as  a  most  important  factor  in  i-elation  to  this  matter.  An  undaly 
oxygenated  state  can  be  demonstrated  to  constitute  a  source  of 
saccharine  urine ;  and,  it  is  interesting  to  note,  that  carbonic  oxide 
and  also,  it  is  to  be  said,  the  nitrites — agents  which,  in  each  case,  pro- 
duce analogous  compounds  with  heemoglobin  to  the  oxygen  com- 
pound, oxyhsemogiobin — lead  to  the  same  result.  Now,  enough 
evidence  exists  to  show  that  an  unduly  oxygenated  condition  of  the 
blood,  arising  from  vasomotor  paralysis,  and  explicable  by  the  in- 
creased transit  through  the  capillaries  failing  to  permit  de-arterialisa- 
tion  to  the  ordinary  extent  to  occur,  actually  exists  in  connection 
vcith  diabetes. 

A.  vasomotor  paralysis  implicating  only  the  vessels  of  the  chylo- 
poietic  viscera  may  stand  at  the  foundation  of  the  form  of  diabetes 
limited  to  defective  assimilation  of  ingested  carbohydrate.  The  red, 
or  raw  meat,  appearance  of  the  tongue,  and  it  may  be  of  the  whole 
interior  of  the  mouth,  including  the  fauces  and  phai'ynx,  that  is  some- 
times seen,  affords  evidence  of  vasomotor  paralysis  of  a  more 
extended  kind,  and  in  harmony  constitutes,  as  experience  shows, 
an  indication  of  severity.  In  cases  occurring  in  persons  of  ad- 
vanced years,  the  disposition  exists  for  the  complaint  to  be  confined 
to  a  defectlTe  appropriation  of  ingested  carbohydrate.  In  cases,  on 
the  other  hand,  occurring  amongst  young  persons,  whilst,  as  a  rule, 
defective  appropriation  of  ingested  carbohydrate  constitutes  the  only 
condition  existing  at  first,  the  affection  progresses,  and,  in  the  course 
of  time,  sugar  is  eliminated  beyond  what  can  be  accounted  for  by  the 
food,  and  is  evidently  in  part  derived  from  the  tissues  of  the  body. 
The  condition  which  at  one  time  only  leads  to  a  manifestation  of 
defective  assimilation  subsequently,  on  attaining  a  more  advanced 
stage,  gives  rise  to  dissolution  of  constructed  proteid  with  the 
cleavage  of  sugar,  and  thus  produces  the  more  intensified  form  of 
disease  that  becomes  developed. 

It  will  be  observed  from  what  has  been  said  that  the  cleavage  of 
fat  and  the  cleavage  of  sugar  from  tissue  proteids  are  associated 
with  opposite  states  of  the  contents  of  the  vascular  system.  An 
nnder-oxygenated  state  is  noticed  in  association  with  the  one,  an 
over-oxygenated  state  in  association  with  the  other.  Probably  the 
processes  of  fat  and  carbohydrate  cleavage  are  always  being  carried 
on  to  a  certain  extent,  the  carbohydrate  cleavage  resulting  under 
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natural  circumstances  in  glycogen  and  not  sugar,  and  accounting 
for  tlie  glycogen  met  with  in  various  textures. 

Reading  nature  by  the  light  of  the  evidence  that  has  been  set 
forth,  we  learn  that,  as  a  result  of  the  operations  of  life,  carbohydrate 
matter  becomes  (1)  transmuted  to  a  lower  state  of  hydration,  (2)  ap- 
plied to  the  production  of  proteid,  and  (3)  transformed  into  fat. 
Some  other  changes  of  minor  import  contributing  to  subsidiary 
offices  in  the  economy  may  take  place,  but  I  have  no  misgiving  about 
carbohydrate  matter  passing,  in  the  main,  in  the  directions  named 
for  application  to  the  purposes  of  life.  Observers  have  hitherto  been 
looking  for  the  acquirement  of  knowledge  concerning  the  manner  in 
which  carbohydrate  matter  becomes  disposed  of  in  the  animal  system 
by  the  prosecution  of  research  in  the  opposite  line  of  inquiry.  Fruit- 
less results  have  attended,  and,  I  am  of  opinion,  are  not  likely  to  do 
otherwise  than  continue  to  attend  such  efforts.  From  an  abyss  of 
darkness,  constituting  the  outcome  of  research  conducted  in  the 
direction  of  change  produced  by  ferment  action  and  chemical  agents, 
we  are  led,  by  research  applied  in  the  direction  of  protoplasmic  action, 
to  a  clear  and  intelligible  position.  Harmony  exists  througliout,  and 
the  whole  thing  can  be  epitomised  so  as  to  lie  in  a  nutshell.  By  proto- 
plasmic action  carbohydrate  matter,  as  observation  teaches  us,  is  dis- 
posed of  in  a  certain  manner.  If  not  disposed  of  in  this  manner,  it 
escapes  from  the  system  as  useless  material,  producing  the  condition 
belonging  to  diabetes.  * 
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